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80-Cell DMFC Low Airflow Stack

Diffuser

Airflow

—

Air Filter

Advanced Air blower

Donaldson Air filter

Advantages

Well suited for low-airflow MEAS (MEA
air Stoichiometry 1.6 to 1.8)

Low Pressure Drop
Gravity Assisted Water Removal

Lightweight (Power Density: 60 Wikg with air
handling hardware)

MEA Specifications

Active Area: 80 cm?
Anode: Pt-Ru (50:50)
Cathode: Pt-Black
PEM: Nafion 117
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Stack Observations, Diffuser Cloth
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o Diffuser cloth is located at the exit
of the stack

» Brownish black precipitate was
found on the cloth in contact with
the stack

 Precipitate was identified as
ruthenium
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Stack Observations, MEAS

Cathodes of MEAs from the stack :
exhibited increased wettability Non-Vetting_
compared to a “fresh” MEA.

Patches of dark gray “deposits”
found on various parts of the
cathode

The areas with dark deposits were
more wettable than the lighter
areas.

Several representative MEAS
showed the same type of cathode
changes

Areas under the flow field pins
remained “non-wettable”

Flow field impressions were light
and did not appear to damage the
cathode papers

- Dark Deposits

Area Under
Flow Pin
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Stack Observations, EDAX Analysis of MEAs
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¢ Pathways for Cell Degradation

» Degradation pathways

— Mechanisms for Ruthenium dissolution:
 Instability of platinum-ruthenium commercial catalyst

» Over discharge caused by shunt currents
— Mechanisms for Loss of hydrophobicity at the cathode:

* Inadequate Teflon content
 Deposition of RuO, at the cathode

e Experimental
— MEAs Fabricated for Single-Cell Testing

MEA Anode Catalyst ?_zm?énifsstr
JPL JPL 15%
JM JI 15%
JMR JM° 15%
JM-STD JIM 5%

— Electrochemical Techniques
* [|nitial IV Characterization
e 250-hour constant-current test
e Post IV Characterization
* Anode Polarization
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Cell Duration Testing — Single-Cell MEA Performance Comparison
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 MEA performance degradation of 61 mV is observed
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Duration Testing, Single-Cell MEA Analysis - Post 250-hr Testing
Performance Summary

*40 °C
MEA, Formulation F'erfnrmagce Decling {rm') . F'erfnrmanci Decline [mWﬁ:mzj
S50 mASCm 100 mAJcm S0 mASCm 100 mAScm
Anaode: JPL
TFL Cathode: 15% Teflon 48 150 24 15
Anode: Johnson Matthey
Th Cathode: 15% Teflon 5 57 0.3 5.7
Anode: Reduced Johnsan Matthey
IME Cathode: 15% Teflon A 107 15 10.7
IMLSTD Anode: Johnson Matthey a o 03 ag

Cathode: 5% Teflon [(Standard)

MEAs fabricated with the commercial Johnson Matthey catalyst exhibited the
best performance.

The test standard, JM-STD, performed the best
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v Anode Polarization Subtraction
cop Hydrogen » Polarization Analysis

— When the cell is polarized, the

resultant curve will be E_ vs.

Dynamic Hydrogen current density at the chosen

Electrode operating temperature of the

C / cell.
: (HD ~ V_, can be added to E, at the
@ same molarity and temperature
@ to get E..
@ Ec = VCeII +Ea
L H+ r

4®7,
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Duration Testing, Single-Cell MEA Analysis - Anode Performance
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Anode polarization analysis of the single-cell MEASs reveals minimum changes

anode performance
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Duration Testing, Single-Cell MEA Analysis - Cathode Performance
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 MEA performance degradation is attributed to losses in cathode performance
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Duration Testing, Single-Cell MEA Analysis - Cathode Hydrophobicity
Comparisons

Slight change in
hydrophobicity after
250 hours of testing
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Duration Testing, Single-Cell MEA Analysis - EDAX Analysis
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During Operation

Anode Potential:

0.3V vs. NHE 0.8V vs. NHE

Cell Voltage:
0.5V

Not prone to ruthenium dissolution
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Cathode Potential:

Stack Degradation Analysis — Over-discharge

Cell at rest after some time
when all methanol has been consumed

2 12
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*P. Piela, C. Eickes, E. Brosha, F. Garzon and P. Zelenay, Ruthenium
Crossover in Direct Methanol Fuel Cell, J. of The Electrochemical Society,
151 (12) A2053-A2059, 2004

Region of ruthenium dissolution

1. Reactions without methanol at the anode:
Ru + 3H,0 — Ru(OH), + 3e- + 3H*
Cathode: 3/20, + 3H* + 3e- —» 3H,0
2. Ru®* migrates through the Nafion membrane
3. Ruthenium reaction at the Cathode:
2Ru(OH), + 1/20, — 2RuO,+ 3H,0

Anode:
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“ Stack Degradation Analysis - 80-Cell Stack Electrical Schematic

Electrically conducting tie rods

Graphite Epoxy

4 ‘ ‘ | 4 4 4 structural plate

\ , LN

o,
S5 80- cells
Residual Sufficient Voltage for
thage Electrolysis of Water

»  Open-to-air cathode stack designs allow for an elevated cathode potentials
» Stack shut down will lead to some cells depleting methanol before others
o  Cells with methanol will drive cells without methanol negative (Over-discharge)

» The stack potential from residual cell voltages, moisture, conducting tie rods and
structural endplates facilitated the flow of shunt currents
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Conclusions

e Dissolution of ruthenium was observed in the 80-cell stack

» Duration testing was performed in single cell MEAs to determine the pathway of cell
degradation

— EDAX analysis on each of the single cell MEAs has shown that the Johnson Matthey
commercial catalyst is stable in DMFC operation for 250 hours, no ruthenium dissolution was
observed

— Changes in the hydrophobicity of the cathode backing papers was minimum

— Electrode polarization analysis revealed that the MEA performance loss is attributed to changes
in the cathode catalyst layer

* Ruthenium migration does not seem to occur during cell operation but can occur when

methanol is absent from the anode compartment, the cathode compartment has access to
air, and the cells in the stack are electrically connected to a load (Shunt Currents).

» The open-to-air cathode stack design allowed for:

— The MEAs to have continual access to oxygen
— The stack to sustain shunt currents

* Ruthenium dissolution in a DMFC stack can be prevented by

— Developing an internally manifolded stacks that seal reactant compartments when not in
operation

— Bringing the cell voltages to zero quickly when not in operation
— Limiting to total number of cells to 25 in an effort to limit shunt currents
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