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Cell Manufacturing Process

Tape Casting

Screen Printing

These processes are flexible & scalable to high 
volume and low cost production 
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Cell Microstructure – SEM Image

All layers co-fired

Cathode (10-50 µm) screen printing

Electrolyte (5-10 µm) screen printing

Cathode functional. layer (2-10 µm) screen printing

Anode functional layer (5-20 µm) screen printing

Electrolyte (5 10 µm) screen printing

Anode support (300-1000 µm) tape casting10 μm



Cell Scale-Up Development
• Capital equipment for all major process units was added in order to accommodate 

increased cell size and volume (1 MW annual capacity)
• Cell process development was conducted to evaluate process capability 

for cells up to 33 x 33 cm2

• 25 x 25 cm2 cells with 550 cm2 active area were selected for stack development
• More than 2000 cells (25 x 25 cm2) have been fabricated - production yields greater 

than 95% and volumes of 500 kW (annual) have been demonstrated
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Cell Scale-Up Testing Summary

Stainless Steel Current Collectors, Cross-Flow Gas Delivery

33 x 33 cm233 x 33 cm

550 cm2

25 x 25 cm2

350 cm2

10 10 2
12.5 x 12.5 cm2

20 x 20 cm2

81 cm2 121 cm210 x 10 cm2



25 x 25 cm2 – Long Term Testing
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33 x 33 cm2 – Long Term Testing
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Materials Research Activities

• Investigate degradation 
mechanisms at various operating 

diticonditions
• Reduce cell degradation 
• Enhance cell performance
• Develop thinner scaled-up cells
• Evaluate metallic alloys and 

coating technologiesg g



Cell Performance Enhancement

10 x 10 cm2 Cell, Stainless Steel Current Collectors, Cross-Flow Gas Delivery
Test #101588; Test Stand #10,  26-Apr-2007
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Cell Endurance Enhancement
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Alloy Investigation Using 28 Cell Stack 

28 Cell Stack - Parametric Alloy Testing
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St k D l tStack Development



Stack Development Methodology

Cell
Component Stack Engineering

Seal

Interconnect

Development & Integration

Contacts

Current Collection

Flow Management

Thermal Management
Technology

Development

g

Manufacturability

Repeatability

Process Development 
and Piloting

Repeatability

Tolerance



1 kW Stack Module

• Ferritic stainless steel sheet 
metal interconnect 

• Cross-flow gas delivery
with manifolds integrated 
i t th i t tinto the interconnect

• Compressible ceramic
gasket seals

• Cell Active Area = 121 cm2• Cell Active Area = 121 cm2

• Number of Cells = 28
• Successfully implemented in 

a 4 x 1 kW configuration witha 4 x 1 kW configuration, with 
multiple long term tests



Stack Testing: 
Characterization & Qualification



Stack Testing: 
Characterization & Qualification

• Defined stack testing and qualification• Defined stack testing and qualification 
criteria are used to at VPS in order to 
assess the initial quality of a stack before it 
is used for other purposes:is used for other purposes:
> Long-term testing which studies voltage 

degradation over time
> Thermal cycle testinge a cyc e test g
> Delivery to external customers 



Stack Qualification Minimum Requirements

Description Condition Requirement

Open Circuit 
Voltage 1.65 slpm/cell H2, 1.35 slpm/cell N2, 3% H2O All cells > 1.01 V

Full Flows 28% Uf, 34% Ua, 0.500 A/cm2 All cells > 0.8 VFull Flows 28% Uf, 34% Ua, 0.500 A/cm All cells  0.8 V

Air Utilization 50% Uf, 60% Ua, 0.388 A/cm2 All cells > 0.7 V

Fuel 
Utilization 75% Uf, 50% Ua, 0.388 A/cm2 All cells > 0.7 V

Thermal cycle 
degradation

Each condition is compared before and after thermal 
cycle at 0 500 and 0 388 A/cm2

Cell degradation
< 0 006 Vdegradation cycle at 0.500 and 0.388 A/cm < 0.006 V

Hold Stack held at 65% Uf, 35% Ua, 0.388 A/cm2 for 50 h Cell degradation
< 0.010 V

Stacks must meet these minimum requirements in 
order to proceed to other testing



Standard Qualification Testing

GT056019-0087 - 28 Cell Stack
28-Aug-06, 3% H2O
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Standard Qualification Testing – TC1

GT056019-0087 - 28 Cell Stack - TC1
31-Aug-06, 3% H2O
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Process Capability:
28 x 121 cm2 active area cells

Process Capability - 28 Cell Stacks
Based on 102 Stacks (2856 Cells)
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The SECA Challenge 

SOFC Power  
ModuleDevelop a SOFC stack 

that accomplishes all 
performance & cost

Stack 
Tower 

performance & cost 
requirements, can scale 

to a suitable stack 
block, progress to stackblock, progress to stack 
tower and SOFC power 

module

10 kW 
Stack

1 kW
Stack

Stack



Phase I Metric Test



Stack Scale-up & Design

• VPS has used a modeling-driven design approach for 
specific challenges in conjunction with PNNL & FCE

• Progressively increased from single cell, 6-cell, 16-cell, 
64 cell stack to tower modeling64-cell stack to tower modeling

• Modeling has provided guidance to engineering
design and component development using both 
CFD and FEA
Validated thro gh component• Validated through component 
and stack testing

°C

Fi
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Stack Scale-up Progression

1 kW 2.5 kW
10 kW
64-cell

0.16 kW
1-cell

1 kW
6-cell 16-cell

64-cell



16-cell Stack – Long Term Testing
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64-cell Stack - Normal Operating Conditions

Normal Operating Conditions – BOL

Fuel Utilization 61.5%

Air Utilization 10 to 18%

Stack Current 200 A (364 mA/cm2)Stack Current 200 A (364 mA/cm )

Gross DC Electrical Power ~10,000 W



64-cell Stack – Long Term Testing
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64-cell Stack – Long Term Testing

GT057382-0003 
64-cell Stack Block

Average Cell Voltage and Stack Power
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Current Stack Development Initiatives

• Improve stack thermal 
management (dT reduction) 
through stack design and 
operating conditions

• Incorporate advanced cells & 
components in stacks

• Cost reduction initiatives
• Stack block power increase

- 64 92 cell count64 92 cell count



Current Stack Development Initiatives

• 2009 focus is on 92-cell stack
>18-20 kW stack block
>Stack Tower Test Platform

• Potential future adjustments 
in cell count (~100 cells) in 
late 2009 / early 2010

• Modular tower development 
focusing on 3 or 4 x 96 cell 
tower (up to 384 cells)



Stack Development Focus Areas
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64-cell Stack – High Power Testing
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16-cell Stack Operating Condition Test
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Comparison of Stack Thermal Profile:
Model vs. Test

• VPS now routinely incorporate thermocouples into stack
• Provides temperature profiles at different stack cross-
sections over test duration
V lid t d CFD d l ll i t l t k d i t b

AO

AO

Cell Thermal Map - 61.5F17A 200A, S/C=3, 50% DIR, PHc=775, 
Furn= 720

• Validated CFD models allow virtual stack designs to be 
evaluated at BOL and EOL conditions
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Phase II Stack Cost Reduction Path
Stack GT057382-0004

64-Cell Stack Block
Furnace Temperature = 705°C
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Upcoming Tests
3 x 64-Cell Stack Tower

30 kW 
92-Cell Stack Block

18-20 kW 



Conclusions

Several significant technical milestones in cell and stack 
development have been achieved:
- An integrated cell fabrication process has been developed for a 

new baseline 25 x 25 cm2 cell and a production volume of 500 kW 
annually was demonstrated
C ll l 33 33 2 h b t t d- Cells as large as 33 x 33 cm2 have been tested

- Cell materials development has been conducted and the results 
are encouraging
Stack design & development achieved repeatability allowed the- Stack design & development achieved repeatability allowed the
10 kW stacks to meet the Phase I targets in cost, endurance and 
performance 

- Activities are underway to advance the stack further with respect ct t es a e u de ay to ad a ce t e stac u t e t espect
to these metrics and demonstrate stack tower operation
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