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Executive Summary 
 
SECA Core Technology Program (SECA CTP) led workshop on the topical area titled 
“SOFC seal: Technology, Challenges and Future Directions” was held on August 10, 
2007 at Hyatt Regency, San Antonio, TX. The workshop was attended by scientists and 
engineers presently involved in the development, engineering, fabrication, and testing of 
advanced solid oxide fuel cell seals. Attendees represented industries, national 
laboratories and academia.  
 
The objective of the workshop was to present and disseminate technical information 
related to the recent development and findings in the areas of advanced seal materials 
chemistry, chemical interactions, long-term stability and reliability along with 
applications of predictive mathematical models utilizing SECA derived computational 
tools and methodologies. It was also the objective of the workshop to provide a forum for 
technical discussions on topics related to advanced sealing concepts and materials along 
with identification of technical priorities and developmental needs.  
 
Overview technical presentation described the SOFC seal technology status currently 
being pursued under the SECA program. Literature related to global research and 
development work towards the development and testing of advanced seal technology was 
also reviewed and presented. Participants from fuel cell manufacturing industries 
presented their experience related to seal fabrication, electrical testing in short and tall 
stacks, long term endurance and post test characterization results. Seal specifications and 
requirements for SECA derived fuel cell stacks were presented. Selected highlights of the 
workshop include detailed presentations and discussions on seal materials, materials 
stability, seal-test conditions, design and engineering requirements and development 
needs.  
 
(a) Seal materials: Technical discussions mostly concentrated on applications of 

refractory glass-ceramic and visco-elastic (self healing) glasses currently being 
developed under SECA-CTP. Advantages of higher temperature sealing process on 
the development and maintenance of adequate contacts in active and seal area were 
examined. Materials chemistry, experimental test results under SOFC exposure 
conditions, synthesis and seal fabrication processes were discussed in detail and the 
possible impact of long term exposure of such materials on interactions with 
adjoining cell components, and exposure environment in the 650-850C temperature 
range were discussed.  

(b) Materials stability: Role of bulk, interfacial and surface stability of glass-ceramic and 
self healing glasses were examined and discussed to explore their long term role on 
chemical interactions, cell electrode poisoning and mechanical changes. Time 
dependent structural and chemical changes in the bulk glass, interactions with surface 
oxides resulting in dissolution and surface reaction product formation, along with 
evaporation of glass constituents and reaction products were discussed. 
Thermodynamic models for oxide dissolution, surface interaction and vapor species 
formation were presented. 
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(c) Seal test conditions: To meet the SECA coal based SOFC systems life and 
performance targets, SOFC seals must show chemical, structural and mechanical 
stability under nominal and transients conditions of cell and stack operations for up to 
40,000 hours. Some of the typical requirements identified for stack design 
consideration, stack fabrication and cost effectiveness are-  

 Temperature range: 650-8500C 
 Up to 85% fuel and 25% oxidant utilizations and 50% steam in anode 

environment  
 Applied load of less than 35 kPa on seal area 
 Electrical isolation (>500Ω.cm2) between cells and stack at nominal stack 

operating condition (0.7 V @ 500-700 mA/cm2) 
 Tolerance to both anode and cathode electrode poisoning in order to meet 

0.1%/1000hr performance degradation 
 Seal application temperature not to exceed 1000-1050C 
 Thermal cyclic stability demonstrated per systems requirement 
 Use of low cost materials synthesis and application processes that meet SECA 

cost target 
 

(d) Seal design and engineering requirements: Role of SECA developed computational 
tools for the development and optimization of engineering design and long term 
reliability of seals were presented. Need for materials properties data, time dependent 
properties changes, interface strength and measurement techniques were identified as 
key areas for further work.  

 
R&D needs: Development of structurally and chemically compatible seals for SECA coal 
based SOFC power generation systems has been identified as one of the key R&D areas 
for further research and development. Both refractory glass-ceramic and self healing seals 
will be further studied for compositional, morphological, structural and interfacial 
stability to develop the desired composition, engineering design and fabrication/ 
application procedures. Of interest will be evaluation of the role of alkalis and boria base 
gaseous species on interactions with perovskite cathode and conventional anode 
materials. Advanced materials synthesis, high temperature materials properties 
measurement, bulk and surface characterization, electrode poisoning and over potential 
measurement techniques will be identified, developed and utilized for understanding the 
long term stability and reliability of developed seal materials and configurations. Selected 
R&D areas that need careful attention are - 

- Bulk, interface and surface stability 
- Seal constituent interactions with electrodes 
- Time dependent materials properties 
- Seal designs that incorporate visco-elastic glasses 
- Fabrication processes 
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Agenda  
 

SOFC Seal: Technology, Challenges and Future Direction 
Friday August 10 2007 

 
 
 

8.00 AM --- Introduction, A. Manivannan (NETL) 
8.01 AM  ---  Stevenson, J / Singh, P (Specific requirements) (PNNL) 
8.15 AM  ---   Khaleel, M (PNNL) 
8.30 AM  Lara-Curzio, E (ORNL) 
8.45 AM  Singh, R (Univ. Cincinnati) 
9.15 AM ---  Loehman, R (SNL) 
9.45 AM  ---  Brow, R (Univ. of Missouri) 
10.15 AM ---  Break 
10.30 AM  ---  Chou, M / Stevenson, J (PNNL) 
11.00 AM ---  Open - Industry input (15 min. each) 
   Speakers: 

Karl Haltiner   (Delphi) 
    Tony Wood   (VPS/FCE) 
    S. Elangovan   (Ceramatec) 
    Nguyen Minh   (Consultant) 
    Steve Shaffer   (Delphi) 
    Peng Huang   (FCE) 
    Joel Doyon   (FCE) 
    Eric Tang   (VPS) 
    Casey Brown   (VPS) 
    Chuck Sishtla   (GTI) 
    John Yamanis  (UTRC) 
12.00 PM ---- Break for Lunch 
1:00 PM __ Discussion / Wrap-up 
3.00PM ---- Adjourn 
 
The speakers are requested to make a 15 minutes presentation starting with the 
conclusion slide. A 15 minute discussion time will be available for each speaker following 
their talk. The speakers should specifically discuss their results, approach, related issues 
& future directions to solve them. 

 
SOME OF THE TECHNICAL ISSUES / CHALLENGES TO ADDRESS: 
(1) ROLE OF EVAPORATION & VAPORIZATION 
(2) INTERFACE REACTIONS  
(3) MANUFACTURABILTY / DESIGN APPROACHES  
(4) FAILURE ANALYSIS 
(5) MECHANICAL STABILITY, LONG TERM STRUCTURAL PREDICTIONS  
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INDUSTRY INPUT 
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List of Participants: 
 

 
         Name           Affiliation 
 
 
1. Casey Brown       VPS 
2. Richard Brow,      Univ. of Missouri 
3. Matt Chou       PNNL 
4. Erica Corral      SNL 
5. Joel Doyon       FCE 
6. S. Elangovan       Ceramatec 
7. Randy Gemmen      NETL 
8. Karl Haltiner       Delphi 
9. Peng Huang       FCE 
10. Moe Khaleel      PNNL 
11. Edgar Lara-Curzio      ORNL 
12. Ron Loehman      SNL 
13. A. Manivannan      NETL 
14. Nguyen Minh       Consultant 
15. Heather Quedenfeld     NETL 
16. Steve Shaffer       Delphi  
17. Reis Signo       Univ. of Missouri 
18. Chuck Sishtla       GTI 
19. Prabhakar Singh      PNNL   
20. Raj Singh       Univ. Cincinnati 
21. Jeff Stevenson      PNNL 
22. Wayne Surdoval       NETL 
23. Xin Sun        PNNL 
24. Eric Tang        VPS  
25. Briggs White      NETL 
26. Lane Wilson       NETL 
27. Tony Wood       VPS / FCE 
28. John Yamanis       UTRC 
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Contacts: 
 

Dr. Ayyakkannu Manivannan, 
National Energy technology Laboratory 

Morgantown, WV 
Email: Ayyakkannu.Manivannan@NETL.DOE.GOV 

Phone : (304) 285 2078 
 

Dr. Prabhakar Singh 
Pacific Northwest National Laboratory 

Richland, WA 
Email: prabhakar.singh@pnl.gov 

Phone: (509) 375 5945 
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