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Overview

Timeline

* Project Start Date: Sept. 1, 2009
* Project End Date: Aug. 31, 2011
e Percent Complete: 30%

Budget

» Total Project Funding: $2,525,063

> DOE Shares: $2,000,504

> Contractor Shares: $525,013
* Funding Received in FY09: $125,475
Funding for FY 10: $1,840,156

—TreadStone

Barriers
Barriers Addressed : Bipolar Plate
Durability and cost
> Cost: < $3/kW (2015)
» resistivity < 10 mohm-cm?
> corrosion <1 x10°A/cm?

Partners

Gas Technology Institute

Oak Ridge National Laboratory
SUNY, Stony Brook

IBIS Associations, Inc.



Relevance
Objective

Objective (June 09 - May 10): Develop low cost metal bipolar

plates to meet 2015 performance target and cost target (<S3/kW)
— Develop C-steel, reduce or eliminate Au usage.

— Demonstrate our metal plate applications in portable, stationary and
automobile fuel cell stacks.

2015 Target
Cost S /kW 5 3
Corrosion mA/cm? <1 <1
Resistivity ohm.cm? <0.01 <0.01

—TreadStone



Approaches
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Approach
Plan and Milestones (FY09 & FY 10)

Task 1: Conductive Via Processing Development
* Palladium Vias Processing Development 12/09
4/10
8/10

e Carbon Nanotube Conductive Via Development

* Conductive Carbide Via Development
Task 2: Carbon Steel and Aluminum Based Plates Development
03/10

e Carbon Steel Plate Baseline Process Demonstration
08/10

 Carbon Steel Plate Process Development

Task 3. Fuel Cell Stack Application Demonstration
*2 O0W Stack Initial Performance Test 02/10
* Optimized 200W Stack Performance Demonstration 08/10
02/11
08/11

* 1kW Stack Initial Performance Test
* Metal Plates Demonstration for Auto. Applications

;ffl’readStone
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Technical Accomplishments
Previous Accomplishment
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Technical Accomplishments
Fabrication Process Charaterization and Optimization

3-D Au Particle Morphology On-line Process Optimization
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Technical Accomplishments
Lower Cost Material Development

Pd dots with Au on surface 5.00
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* Low Cost Material Processing
Technologies have been developed
* Performance Evaluation is on-going

—TreadStone
Technologies, Inc.



Technical Accomplishments
Stack Demonstration for Portable and Stationary Applications

2-cell Stack 30cm?, coated SS, H,/air
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Technical Accomplishments
TreadStone SS Plate w/Au-Dots Evaluation at Ford

. - . 2015 DOE Ford Data on
Attribute Metric Unit Target Au-Dots
Corrosion Current density at 5 :
anode active peak in CV HA/cm <1 Mo e sl
. Current density at 0.8 5
S::;gj'gn Ve in potentiostatic hAjcm <1 ~0.1
expt.
ASR (measured through
Area Specific | Plane) at 6 bar contact 8.70 (as-recd flat
Resistance pressure (includes both side mOhm.cm? <20 samples)
surface; doesn't include carbon paper
contribution)
Electrical In-plane electrical
Conductivity conductivity (4-point S/cm >100 34 kS/cm
probe)
- % elongation o o 53(|| to RD")/
Formability (ASTM E8M-01) Yo >40% 64 ( | to RD)
Weight Weight per unit net Kg/KW <0.4 <0.30

POWEr (80 kWnet system)

TreadStone

*RD: Rolling Direction

10




Technical Accomplishments
Cyclic Voltammetry of SS Plate w/gold dots at Ford
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Technical Accomplishments

Short Stack in-situ Testing at Ford

TreadStone SS plates w/ Au dots were
tested in-situ for durability at Ford
Motor Company.
Ford designed metallic bipolar plate
w/SS316L as base substrate,
— 300 cm? active area, with
TreadStone’s coating
— A 10-cell, 2.5 kW short stack was
assembled

Durability Cycle:
— The stack is being tested for durability

utilizing durability cycle (which
includes FTP cycle along with others)

mimicking real world driving
conditions.

e Results
— To date stack has achieved 800 hrs
and continue to operate.

—TreadStone

Technologies, inc.

Ford short stack with metal bipolar plates

12



Collaborations

SUNY, Stony Brook

Gas Technology Institute

» Stack Design and Demonstration using
Metal Plates for Portable and Stationary

Applications

Dr. Chinbay Fan

* Thermal Spray Process Development for

Metal Plate Fabrication
Prof. Sanjay Sampath

IBIS Associates, Inc.

Study

Oak Ridge National Lab.

Dr. Dane Wilson

* Fabrication cost analysis

e Corrosion Mechanism and Failure Model
Mr. Tony Mascarin

Industrial Partners

* Metal plate evaluation in their specific applications

TreadStone

13



Proposed Future Work

* FY10

— Process optimization and performance evaluation of C-nanotube,
carbide conductive vias and carbon steel based plates.

— Fabrication cost analysis.

— Corrosion mechanism and failure mode study
— Optimized 200W portable stack demonstration.
— 1 kW stationary initial demonstration.

— Further collaboration with industrial partners.

* FY11

— Scale up the fabrication process.

— Full performance evaluation of the plates produced with the scale-up
process.

— Aluminum based plate development.
— Optimized 1 kW stationary stack demonstration.
— Demonstration for automobile applications.



Summary

Relevance: Reduce the metal bipolar plate cost to meet FY15
requirements.

Approach: Use lower cost material and Treadstone’s
proprietary metal plate design and low cost fabrication technology.

Accomplishment: Developed the fabrication process for low
cost material metal plates; demonstrated TreadStone’s metal plates
in stacks for portable, stationary and automobile applications; long-
term durability tests are on going.

Collaborations: Closely work with other team members to
ensure the on-time, on-budget delivery; actively work with
industrial partners to accelerate the technology commercialization.

Future Work: Optimize and scale up the low cost metal plate

fabrication process; demonstrate the long term stable operation in
portable, stationary and automobile stacks.
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Overview	

Timeline

Project Start Date:  Sept. 1, 2009

Project End Date:  Aug. 31, 2011

Percent Complete: 30%



Barriers

Barriers Addressed : Bipolar Plate Durability and cost

Cost: < $3/kW (2015)

resistivity < 10 mohm-cm2

corrosion < 1 x10-6A/cm2



Budget

Total Project Funding: $2,525,063

DOE Shares: $2,000,504

Contractor Shares: $525,013

Funding Received in FY09: $125,475

Funding for FY 10: $1,840,156

Partners

Gas Technology Institute

Oak Ridge National Laboratory

SUNY, Stony Brook

IBIS Associations, Inc.
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Relevance
 Objective 

7

Objective (June 09 - May 10):  Develop low cost metal bipolar plates to meet 2015 performance target and cost target (<$3/kW)

Develop C-steel, reduce or eliminate Au usage.

Demonstrate our metal plate applications in portable, stationary and automobile fuel cell stacks. 

		Characteristic		Unit		2010 Target		2015 Target

		Cost		$  /kW		5		3

		Corrosion		mA/cm2		<1		<1

		Resistivity		ohm.cm2		<0.01		<0.01
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Approaches

Use small conductive, corrosion resistant materials as conductive points (conductive vias) to cover a small portion of metal surface

Use non-conductive, corrosion resistant materials to cover majority surface of the metal plates







250,000 vias/in2

10,000 vias/in2

2,500 vias/in2

125,000 vias/in2

20,000 vias/in2

5,000 vias/in2

1,250 vias/in2
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Approach  
Plan and Milestones (FY09 & FY 10) 





		Milestones		Month/Year		 % Comp.

		Task 1: Conductive Via Processing Development				

		 Palladium Vias Processing Development		12/09		100%

		 Carbon Nanotube Conductive Via Development		4/10		30%

		 Conductive Carbide Via Development		8/10		30%

		Task 2: Carbon Steel and Aluminum Based Plates Development				

		 Carbon Steel Plate Baseline Process Demonstration		03/10		100%

		 Carbon Steel Plate Process Development		08/10		20%

		Task 3. Fuel Cell Stack Application Demonstration 				

		2 00W Stack Initial Performance Test		02/10		100%

		 Optimized 200W Stack Performance Demonstration		08/10		0%

		 1kW Stack Initial Performance Test		02/11		30%

		  Meal Plates Demonstration for Auto. Applications 		08/11		30%
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Proved the concept of TreadStone’s metal plate technology

Demonstrated in small single cell long-term operation

Developed a low cost fabrication process for corrosion resistant metal plates



Technical Accomplishments  
Previous Accomplishment



Achieved 8200 hrs (3500 hrs operation + 4700 hrs stand-by) long term stability test 



  Bipolar plate cost:   $1.41/plate

     -- $3.53/kW (based on 1000mW/cm2)

  Meet 2010 Target  < $5/kW

  Need Improvements to meet

               2015 Target  < $3/kW

Cost Breakdown of  SS Based Plates

Single Cell 16cm2, coated SS,  H2/air



‹#›







Technical Accomplishments  
Fabrication Process Characterization and Optimization



Au Particles on SS





Small Au particles 

(on Si wafer)

Au Particle Morphology 

Process Dynamics

  Fabrication process is better understood for reliable process control  
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Technical Accomplishments  
Lower Cost Material Development



Pd Splat



Au particles





Pd dots with Au on surface

Carbon nanotube on SS

Carbide particles on SS

Carbide

C-nanotube

  Low Cost Material Processing Technologies have been developed

  Performance Evaluation is on-going
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Technical Accomplishments
Stack Demonstration for Portable and Stationary Applications 







2-cell Stack  30cm2, coated SS,  H2/air

3-cell Stack  263cm2, bare SS, H2/air

 263cm2  3-cell, Stack

The designs of the 200W portable and 1kW stationary  stacks are finished and evaluated.
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Technical Accomplishments
TreadStone SS Plate w/Au-Dots Evaluation at Ford

		Attribute		Metric		Unit		2015 DOE Target		Ford Data on Au-Dots

		Corrosion anode		Current density at active peak in CV		μA/cm2		<1		No active peak

		Corrosion cathode		Current density at 0.8 VNHE in potentiostatic expt. 		μA/cm2
		<1		~0.1

		Area Specific Resistance		ASR (measured through plane) at 6 bar contact pressure (includes both side surface; doesn’t include carbon paper contribution) 		mOhm.cm2		<20		8.70 (as-recd flat samples)

		Electrical Conductivity		In-plane electrical conductivity (4-point probe)		S/cm		>100		34 kS/cm

		Formability		% elongation 
(ASTM E8M-01)		%		>40%		53(|| to RD*)/
64 ( | to RD)

		Weight		Weight per unit net power (80 kWnet system)		Kg/kW		<0.4		<0.30





*RD: Rolling Direction
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Technical Accomplishments
 Cyclic Voltammetry of SS Plate w/gold dots at Ford





Air Sparge

H2 Sparge



 TreadStone Au-Dots material do not exhibit any active peaks around 0 V in anode (H2) condition

 TreadStone SS w/Au-Dots plate shows passive region up to 1 V, and low current density (< 1 uA/cm2) at 0.8 VNHE (air). 
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Technical Accomplishments
 Short Stack in-situ Testing  at Ford

TreadStone SS plates w/ Au dots were tested in-situ for durability at Ford Motor Company.

Ford designed metallic bipolar plate w/SS316L as base substrate,

300 cm2 active area, with TreadStone’s coating

A 10-cell, 2.5 kW short stack was assembled

Durability Cycle:

The stack is being tested for durability utilizing durability cycle (which includes FTP cycle along with others) mimicking real world driving conditions.

Results

To date stack has achieved 800 hrs and continue to operate. 



Ford short stack with metal bipolar plates





‹#›



Collaborations

Gas Technology Institute

  Stack Design and Demonstration using Metal  Plates for Portable and Stationary Applications

Dr. Chinbay Fan

Oak Ridge National Lab.

  Corrosion Mechanism and Failure Model Study

Dr. Dane Wilson

SUNY,  Stony Brook

  Thermal Spray Process Development for Metal Plate Fabrication

Prof. Sanjay Sampath

IBIS Associates, Inc.

  Fabrication cost analysis 

Mr. Tony  Mascarin

Industrial Partners

 Metal plate evaluation in their specific applications
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Proposed Future Work

FY10

Process optimization and performance evaluation of C-nanotube, carbide conductive vias and carbon steel based plates.  

Fabrication cost analysis.

Corrosion mechanism and failure mode study

Optimized 200W portable stack demonstration.

1 kW stationary initial demonstration.

Further collaboration with industrial partners. 

FY11

Scale up the fabrication process. 

Full performance evaluation of the plates produced with the scale-up process.

Aluminum based plate development.

Optimized 1 kW stationary stack demonstration.

Demonstration for automobile applications. 



‹#›



Summary

Relevance:    Reduce the metal bipolar plate cost to meet FY15 requirements. 

Approach:     Use lower cost material and Treadstone’s proprietary metal plate design and low cost fabrication technology.

Accomplishment:  Developed the fabrication process for low cost material metal plates; demonstrated TreadStone’s metal plates in stacks for portable, stationary and automobile applications; long-term durability tests are on going.

Collaborations:  Closely work with other team members to ensure the on-time, on-budget delivery; actively work with industrial partners to accelerate the technology commercialization. 

Future Work:  Optimize and scale up the low cost metal plate fabrication process; demonstrate the long term stable operation in portable, stationary and automobile stacks. 
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Row Data


			


									Dots in mil


						Pitch X			Pitch Y			Diameter			dots per insq			area per dots			coverage						Resistant									Titianium Plate contacting resistance  SGL 20BC


			40x40x5			40			40			5			625			19.625			1.23						119									Plate #						m.ohm.cm2


			40x20x5			40			20			5			1250			19.625			2.45						60									As received						102


			40x40x2.5			40			40			2.5			625			4.90625			0.31						143									100C						95


			20x20x2.5			20			20			2.5			2500			4.90625			1.23						55									200C						82


			40x40x15			40			40			15			625			176.625			11.04						24									300C						960


			40x40x10			40			40			10			625			78.5			4.91						31									HF cleaned						89


			40x80x10			40			80			10			312.5			78.5			2.45						96


			80x80x10			80			80			10			156.25			78.5			1.23						140


			2.45% coverage																					diameter micron


			40x80x10			40			80			10			312.5			78.5			2.45			250.00			96


			40x20x5			40			20			5			1250			19.625			2.45			125.00			60									Gold Cost Analysis						gold price (8/8/06) $645.9/troy oz, or $20.77/g  (1 troy oz = 31.1035g)																					30% of contact area in stamped plates


			5.7x5.7x1			5.7			5.7			1			30778.7011388119			0.785			2.42			25.00			9									400cm2 active area									Gold Coverage															400cm2 active area									Gold Coverage


																																							100%			10%			8%			5%			2.50%			1.60%									100%			10%			8%			5%			2.50%			1.60%


																																				Gold thickness micorn			$			$			$			$			$			$						Gold thickness micorn			$			$			$			$			$			$


			1.23% coverage																																	0.2			6.413776			0.6413776			0.51310208			0.3206888			0.1603444			0.102620416						0.2			1.9241328			0.19241328			0.153930624			0.09620664			0.04810332			0.0307861248


			80x80x10			80			80			10			156.25			78.5			1.23			250.00			140									0.5			16.03444			1.603444			1.2827552			0.801722			0.400861			0.25655104						0.5			4.810332			0.4810332			0.38482656			0.2405166			0.1202583			0.076965312


			40x40x5			40			40			5			625			19.625			1.23			125.00			101									1			32.06888			3.206888			2.5655104			1.603444			0.801722			0.51310208						1			9.620664			0.9620664			0.76965312			0.4810332			0.2405166			0.153930624


			20x20x2.5			20			20			2.5			2500			4.90625			1.23			62.50			55									2			64.13776			6.413776			5.1310208			3.206888			1.603444			1.02620416						2			19.241328			1.9241328			1.53930624			0.9620664			0.4810332			0.307861248


			8x8x1			8			8			1			15625			0.785			1.23			25.00			25															30% of contact area in stamped plates


																																													0.38482656


			8x8x1			8			8			1			15625			0.785			1.23						25


			5.7x5.7x1			5.7			5.7			1			30778.7011388119			0.785			2.42						9


			3x3x1			3.13			3.13			1			102073.104757627			0.785			8.01															Toyota asked May 2006


			5x5x1.6			5			5			1.7			40000			2.26865			9.07									2.1 mil artwork for etching						Final to Toyota Sept. 2006


			2.5x2.5x0.8			2.8			2.8			0.72			127551.020408163			0.406944			5.19									1.3 mil  artwork for etching						Final to Toyota Sept. 2006


						5			5			1.76			40000			2.431616			9.73									1.3 mil  artwork for etching						Final to Toyota Sept. 2006


						5			5			1.6			40000			2.0096			8.04									1.3 mil  artwork for etching						Final to Toyota Sept. 2006


						3			3			0.92			111111.111111111			0.664424			7.38									1.3 mil  artwork for etching						Final to Toyota Sept. 2006


						3			3			0.88			111111.111111111			0.607904			6.75									1.3 mil  artwork for etching						Final to Toyota Sept. 2006


						3			3			0.96			111111.111111111			0.723456			8.04									1.3 mil  artwork for etching						Final to Toyota Sept. 2006


						3			3			1.04			111111.111111111			0.849056			9.43									1.3 mil  artwork for etching						Final to Toyota Sept. 2006


			10 mil wide dots cluster with 80 mil pitch


			2.5x3.1x1			2.5			3.1			1			129032.258064516			0.785			1.27						22


			2x2x1			2			2			1			250000			0.785			2.45						33


			1.43x1.4x0.25			1.43			1.4			0.25			499500.4995005			0.0490625			2.45						7.6


			2x2x0.25			2			2			0.25			250000			0.0490625			1.23						6.6


			2.85x2.8x0.5			2.85			2.8			0.5			125313.28320802			0.19625			2.46						7.7


			4x4x0.5			4			4			0.5			62500			0.19625			1.23						8.9


			10 mil wide dots cluster with 80 mil pitch


			2.5x2.6x0.9			2.5			3.1			1			129032.258064516			0.785			1.27


			1.25x1.6x0.5			1.25			1.6			0.5			500000			0.19625			1.23


			2x2x1			2			2			1			250000			0.785			2.45


			15 mil wide dot cluster


			1.25x1.2x0.5			1.25			1.2			0.5			666666.666666667			0.19625			2.45


									516.1290322581			rows						800			rows


									2064.5161290323			dots per column						4000			dots per column


									1620.6451612903			mil 2						3140			mil 2


									1.2661290323			%						2.453125			%
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Stamped data


			Toyota Sample


			5.7x5.7.1 dots coverage ~2.5% , (actual diameter is a little smaller)


			pressure factor: 12.44


			Gas PSI			Compression PSI			Resistance (ohm/cm2)


			13			161.72			16.5


			11			136.84			17


			9			111.96			18.3


			7			87.08			20.4


			5			62.2			23.8


			Stamped Samples


			10 mil wide dots cluster (2x2x1) with 80 mil pitch coverage ~2.5%


			8 deep - 80 pitch channels


			Gas PSI			Compression PSI			Resistance (ohm/cm2)


									8 mil Deep Channel


			13			161.72			13.4


			11			136.84			14


			9			111.96			15.4


			7			87.08			17.7


			5			62.2			20.4


			14 deep - 80 pitch channels


			Gas PSI			Compression PSI			Resistance (ohm/cm2)


									14 mil Deep Channel


			13			161.72			9.15


			11			136.84			9.31


			9			111.96			10.02


			7			87.08			10.99


			5			62.2			12.78


			20 deep - 80 pitch channels


			Gas PSI			Compression PSI			Resistance (ohm/cm2)


									20 mil Deep Channel


			13			161.72			7.2


			11			136.84			7.43


			9			111.96			7.52


			7			87.08			7.28


			5			62.2			9.76


			25 deep - 80 pitch channels


			Gas PSI			Compression PSI			Resistance (ohm/cm2)


									25 mil Deep Channel


			13			161.72			6.64


			11			136.84			6.87


			9			111.96			7.1


			7			87.08			7.48


			5			62.2			8.35


			30 deep - 80 pitch channels


			Gas PSI			Compression PSI			Resistance (ohm/cm2)


									30 mil Deep Channel


			13			161.72			5.57


			11			136.84			5.69


			9			111.96			6.11


			7			87.08			6.8


			5			62.2			7.44
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