
DOED_J260,06_.,92/C0064

DOE/MC/26006-92/C0064 DK9204025,4

Sealant Research for SOFC

:8

Authors:

• Gibson, R,A,
Minh, N,Q.

Contractor:

Allied-Signal Aerospace Company
AiResearch I..os Angeles Division

i 2.525 West 190rh StreetTorrance, California 90509

Contract Number:

I DE-AC21 ..89MC26006Conference Title: " "

Fom_h Annual Fuel Cells Contractors Review Meeting "_ ,.,, _.,., O'

Corfference Location'
"_ t ,-",,,- e_)

"ii Morgantown, West Virginia :,.,":'0 _,_.,:j,,.
I
' Conference Dates:

May 5-6, 1992 .-.....................

C_,nterence Sponsor:
U.S. Department of Energy Morgantowrt Energy Technology Center

DISCLAIMER

_ Th.i_re,po,_w_ p,r¢,._.reda._ an accmmt of wo,r'kspo.n.u3,redfly ata _g,e,n,cy o,fthe United S.tatet

,lm

Gevernm,em, Neither the Orated State_ Oo,,_+etmme.nt_o.r an), aSency ther'_:_a,f,no,rnn,,,'o+fth,©ir
e_m,p._oyees,m:ak_saay warra.nty,ex.p,reL_o,rimpI;i,¢4,o,rn,_.urnesany l,eBal liability _r resl_t_.i.

p,roee_ di_.l,c._:_l,o,r r¢'pre=_,nt,sthai its u_ v,,o,u.[dn,o,timfria_¢ privately o.wlsedrights, Refer.

©t_,_I_ere,imto a,nysipeci.fi.c_,mmerctal ptOdl_C,|, pfOO_:_$,O,rli_l_Vi_C¢by trad.¢ n.ame, tta4emar:k, / ' I.' l_] _ .
man,ufnet_r©..r,o,ro,th,erwi_: &'_s n,o,ta,ec_a.ri.l'y co_:_¢ituteor imply i'tt ertd0,r'tement,ru._m.. _ _..r_

*'nal _lri_n_O,aSo,f aUt,h,o,r,,xpr_,,u'_d l_e,e.i_n60 ,_t _e._etsari,lyI'tnt_ o,r _¢f_'.t th,ote o¢ lh,¢
*IL t.lnkted Statm Oo,nr'm_nt _ s_mym,l_e_,cyth_e.rexff. .,

i
:|

I ISTRrBU"r,ON .............. -...,, ..= ,_a-m't_OF 7HI._ DU, t_U.a=r_, ,._,..,,-,- .......

, .... ,, , ,_...... r, ,, , ....... _1",' I ..... I ', ,1_1_',, _' , 'rl .... IlI_ll_lt'_¢'¢'ll_!l'_l_ll_l_' '_



DISCLAIMER

T_s report was prepared as an account of work spo,nsored by an agency of fl)e
United States Govenm'l,ent. Neither the United Stales Government nor any
age,r_cy thereof, nor any of their employees makes any waxran,ty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness or usefulness of any informaflo,n, apparatus, pr_luct, or process
disclosed, or'represents that its u_ would not infrinse privately owned rights.
Reference herein to my specific commercial product, pro_ss, or servi_ by trade
name, trademark, ma_ufactm'er, or othenvise, does not necessarily constitute or
imply its endo_semem, recommendation, or favoring by the United States
Ooverranent or any agency thereof. The views and opinions of authors
expressed herein do not necess;uily state or reflect those of the United States
Govertm_ent or any agency thereof.

This rep.oJl has been reproduced directly frem the best available copy.

Available to DOE and DOE co,mractors from the Office of Scientific and

Technical Information, P.O, Box 62, Oak Ridge, TN 37831; prices available

!_ from (615)576,-8,i01, FTS 626-8401.

=al= Available to the .public ft'ore the.Nati(mal Technical Information Service, U.S.

i Department of Commerce, 5285 Pott Royal Rd., Springfield, VA 22161.
_1

_|
__

-11

-lIB

i



¢

MSOFC Deve|opment Status

CONTRACT INFORMATION

Program Title MSOFC "lbchnology Advancement, For Coal-t]ased Power
Generation

Contract Number DE-AC-21-89MC2f_06

Contractor Allied-Signal Aerospace Company
AiResearch Los Angeles Division .
2525 West 1.._th Street

4 'lhr'rance, CA 90509

Contr;_clor Projec! Manager Dr. Richard A. GibsonPrincipal Investigator Dr. Nguyen Q, Minh

l METC Project Manager Ms. Diane t-h>oie

Peri_)d of Performance September 27, 1989 to September 27, 1!;-'92

Schedule and Milestones
|

I 4 TESTING
5, PERFORMANCE AND

ANALYSES

6. GUALI_ DEVELO_

Mt LESTON ES IG-02457A

A PROGRAM MANAGEMENT PLAN

B FINAL REPORT
C INTERIM SPECIFICATION, INTERCONNECT

| D PRELIMINARY SPECIFICATION, MATERIALS AND PROCESSES
=_ E DEMONSTRATION, 10-W STACK FABRICATION

F DEMONSTRATION, MSOFC LIFE TEST

_ G DEMONSTRATION_ 10-W STACK OPERATION
II H UPDATED MANUFACTURING COST
I
i I TOPICAL REPORT, SYSTEM CONFIGURATION, AND MARKET ASSESSMENT

J NDE METHODS REPORT
III

,11
I Progr am Schedule
!1

I
I
l

_| t

I AiResearchLos An!Toles Division

I
I

' ,, ,or ,, 'rl _ qll.... r_ _ pi fl lP TI ,,Ul,i , i_ ,,, , u _,, _r _ ,, ,,,



w

OBJECTIVES

The overall objective of this program is to advance CATHODE/..,f"_
materials and fabrication methodologies to develop a INTERCONNECT /,,I" _.._

of meeting performance, life, and cost goals t'or coal-der-
ived fuel applications, The technical effort of this program

is aimed at creating a technology base that will be used to

extend MSOFC development from proof of concept to-
ward practical application.

BACKGROUND INFORMATION

'll'te MSQFC is an all-ceramic structure in which _ _ _ ___OD_
cell components are configured irr a compact, corrugated E

array. 'llae MSOFC produces a direct current by electro- E _v _';_;.,-
chemically combining fuel and oxidant across the zirconia CATHOD_ "_ _ ,,.- ,,,,,.,i
solid electrolyte at an operating temperature of about !(3-06398
I000°C. qlaere are two versionsof'the monolithic fuel cell,

curlew (Figure I) and crossflow (Figure 2). '['he crossflow Figure 2. Crossflow MSOIFC

apprt_ach is used in this program because it is more

straightforward to manifold and fabricate. As can be seen interconnect layers must be dense to prevent gas mixing.
from the figures, the MSOFC is made of two types of muf Design goals for layer thicknesses and cell-to-cell distance

tilayer structures, each composed of three ceramics-- are 25 to I00 I_mand 1to 2 mm, respeclively. 'llae MSOFC
anode/electrode/cathode and anodeinterconnect design eliminates inactive structural support, increases ac-

cathc, de. 'llae anode/electrolyte/cathode composite tire surface areas, and lowers voltage le,_sesdue to internal
represents a single cell. The function of the anode/ electrica} resistances. The monolithic fuel cell, thus, has

interconncct/c_th(vJe composite is to connect the cells in high efficiency, excellent performance_ and high power'
electrical series to build voltage. In the MSOFC, the density, q'he MSOFC can be integrated with coal gasifica-

anode and c,ath(_e layers must be porous to allow gas tion plants and is expected to have high overall efficiency

transport to the reaction _ites, while the electrolyte and in the conversion of the chemical energy of coal to electri-
cal energy.

'[lae materials currently used for building the

MSOFC are Y2Oystabilized ZrO2 for clectrt_lylcs,
Ni/Y203-ZrO2 cermet for anodes, doped LaMn()3 for

cathodes, and doped I.aCrO3 for interconnects. These

INTERCONNECT materials are known to possess adequate levels of c_mduc..

__ . __ tivity, and they are compatib,e and stab[e urJder cell oper_

ating conditions. The challenge is to develop ways to form

the materials into thin ctwnp(mcnt._ and to incorporate
ANODE

_" these components into the monolithic structure. A fabri-
CATHODE" cation scheme for the MSOFC muf4 incortx)rate each ma-

terial such that none of the fabrication steps will diminish

the desired material characteristics of any of the

AIR cornponent layers. The fabrication of the MSOF(.-" must

FUEL " ,>"_ _;"" achieve the following: (1) high-density electrolyte and
ELECTROLYTE |G-0636:1 interconnect, along with porous anode and cathode laye_.,

(2) good interfacial t×mding between adjacent layers,

Figure 1. Curlew MSOFC (3) insignificant reaction and interdiffusion between
neighboring _ayers, and (4) a defect-free _tructure. At
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present, the development of suitable materials and the (d) l'erfonllance and cost analysis: This task involves

fabrication of the intricate structure are the main foci of performance, system, and cost analysis of the

the MSOFC development effort. MSOFC in coal-based applications. T'hc empha-

PROJECT DESCRIPTION sis of performance analysis is on dcvclopment of
an MSOFC performance model. System and

. This program is performed by a team comprising cost analysis defines MSOFC s'ystern configura+
the AiResearch Los Angeles Division of the Allied-Signal tions and MSOFC manufacturing and _:yslem

Aerospace Cornpany anti ?u'gonne National Laboratory costs.

(ANL). The technical effort of the program is organized (e) Quality development: This task concentrates on

around five work tasks as follows: developing methtnts for ensuring the quality of

(a) Materials research and development: This task fabricated MSOFC stacks. This effort involves
concentrates on development of materials suit- evaluation of NDE methods, stress analysis, and

able for the unique MSOFC structure and envi- microcrack control.
ronment. The work addresses several identified

material issues such as interconnect sinterability, The overall program is expected to resolve several

material stability and performance (cspecially in material and fabrication issue..,;and to result in a tcchnolo-

coal gas), and currcnt collector ma,,erials, gy bar;e that will be used to bring the MSOFC technology
toward practical application.

rb) Fabrication: This task is aimed at demonstrating

MSOFC fabrication and fabrication rcproducibili. RESLIIJFS
ty and reliability. The fabrication process will be

scaled up to produce MSOFC stacks of increas-

ing power output. This effort also involves During the past year, AiResearch effort has lo-
definition of optin'tal fabrication parameters, cuscd on development of the requisite technology for lab-

I! defect analysis, development of material and r icatinganddcmonst_atingmulticellstackoperation, This

i process specifications, and material supplier effort has generated parallel tasks as follows:

identification. (a) Fabrication of single-cell building blocks compris-

(c) Testing: Thts task verifies the performance and ing anode/electroly_e/cathode (AlEC) trilayers

life of lhc MSOFC with coal-derived fuels, cofired with top and bottom corrugated elec-

MSOFC cells and stacks are tested under spcci- trodes,_ and with or without cofircd top artd bor-fled conditions, and posttest analys_.s are carried tom electrode plates. These building blocks are

out to provide information for explaining ob- called single-cell stacks (with elcctrodc plates)
served behavior and identifying degradation and single.cell modules, respecti,,ely'. ('see Fig-

mechanisms, ure 3). Design changes suggested by a compre-

ANODE te-o_9_c

&T_] -- CATHODE A CATHODE
ELECTROLYTE I

CATH ODE +a-0_lA

I SINGI.E-CELL MODULE SINGLE-CELL STACK

Figure 3. Clarifying MSOFC Terminology
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Figure 4. A Comprehensive, De_ailed Stress Model Permits Three.dimensional
Analysis of the Effects of Design Changes on Component Stress Levels

hensive stack stress model (Figure 4) have re- building blocks and interconnects are fired sepa-

duced fracturing in the building blocks (Figure 5) rately, bonded, and fired again. The "second

and improved performance (Figure 6), step" bonding technology has continually im-

Co) Development of bonding technology for forming proved (see Figure 7).
the building blcmks into multicell stacks. Because (e) Deveh)pment of multicell stacks fabricated from

of delays in development of an interconnect the bonded building blocks. Slacks have shov,:n

4 technology suitable for simultaneously thermally continually improving performance (see Fig-

__ processing all components of multicell MSOFC ure 8). A two-cell stack has recently been tested

slacks, an alternative, two-step process has also for over 5iko hours without pert'on_ance- been under development. In this process the degradation.

,_._,,,; , ., =,, . . ,..:. ,

,p ' J ' ,i

1990 TODAY

Figure 5. Design Changes Suggested by the Stress Analysis Have Dramatically Reduced Defects
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Figure 6. Reduced Structural Damage Has IG-11877-1
i Significantly Improved Single- Figure 8. Improvements in Flatness and

cell Slack Performance Bonding Melhods }lave Led to
Major Gains in the Performance

i of Multicell Stacks

OLD FORMULATION ('!991) NEW FORMULATION
F-62823

Figure 7. Second-step Bonds ttave Improved Substantially
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Figure 9. Dense A/I/C 3¥ilayer Fabricated Under Thermal Processing
Conditions Compatible with Balance of MSOFC

(d) Development of a dense cofired interconnect, FUTURE WORK

Recently a dense interconnect has been formed Future plans include progress toward a 10-w stack
and cofired with anode and cathode (Figure 9), via both two-step cofiring and cosintering interconnect

Attempts to fabricate a cofired multicell stack processes. An updated assessment of the costs of produc-

are underway, and initial results are encouraging, ing MSOFC stacks will be performed, building on the
study completed in the previous program with METC.
Life testing of stacks will also be performed in the near
future.

!
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