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LOW-COST PEMFC
ITEMS OF COST-REDUCTION
AND TECHNICAL TARGETS

ePower density 0.8-
0.9 W/cm? at 0.65 V

ficier O/

materials Pt-specific power
-System efficiency density: 0.2 g /KW at
«Concept of 0.65V

operation Pt loadings < 0.15
-Cell Design mg/cm?

At least 5-fold reduction of Pt in the
catalyst layer is needed



CARBON AEROGEL SUPPORTED Pt
CATALYSTS (CASPC) VS.
COMMERCIAL CATALYSTS

METAL

 NOBLE METAL UTILIZATION
-ELECTROCHEMICAL SURFACE
AREA

L. ONG-TERM STABILITY
sCARBON and Pt DEGRADATION
RATES



SYNTHESYS of CARBON AEROGELS
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COMMERCIAL
CATALYST
STRUCTURE

.Random porosity and nanostructure
eNon-even distribution of Nafion
eLow Pt utilization

eTendency for agglomeration
ePresence of ionic impurities



STRUCTURE OF AEROGEL
SUPPORTED Pt CATALYST

e

-Reproducibl orsity

eEven distribution of Nafion inside
the pores

. sAbsence of ionic impurities

i sLess tendency for agglomeration
/ *High Pt dispersion

eHigh Pt and carbon surface area
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PREPARATION OF CASPC
CATALYST LAYERS

SCREEN-PRINTING
TECHNIQUE

Systematic Automation Model 810 Series Screen
Printer used for manufacturing of cathode
and anode catalyst layers.



Pt loading. mg/cm2

Manufacturing of Teflon

substrates with ultra thin CASPC

layers

Low loading of the
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FABRICATION OF MEAs USING
HOT-PRESSING TECHNIQUE

MEA components before and after hot-pressing
at 130°C. No catalyst is left of the surface of the
Teflon substrate after hot-pressing procedure.
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SINGLE CELL ASSEMBLY DESIGN X/t

AND MATERIALS

SGL 10BB
GAS-
DIFFUSION
LAYER
STRUCTURE

CARBON BIPOLAR PLATE (two sides)



PERFORMANCE OF AEROGEL-SUPPORTED Pt
CATALYSTS IN FUEL-CELL OPERATION

Teledyne Medusa Fuel Cell test station with
Scribner Associates, Inc. Series 890B load
system at the CGFCC



Electrochemical surface area (ESA) vs. Nafion
loading for commercial (45%Pt) and aerogel
supported catalyst (20% of Pt)
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PEMFC performance at n#nhm*m
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Tafel plots for the aerogel supported
Pt catalyst at 50°C in hydrogen/

oxygen at 1latm backpressure

Kinetically controlled

region
>
5 L 70 mV/decade
e Rl o P
0.8 W _
g
0.7
o] Mass specific Pt activity: | 4, = 0.5 A/mgPt
c 0.6
8 10 100 1000
Current density, mA/cm?




O H2/02 ABP=1 bar; CBP=2 bars
o H2/Air ABP=2 bars; CBP=2 bars
A H2/Air ABP=1 bar ; CBP=1bar | |

Infllience ol
Packpressure

o
(e0]
|

O «

>

Cell voltage, V
o O
~ o

T

500 1000 1500
Current density, mA/cm?

ii & iR- free H2/02 ABP=1 bar; CBP=2 bars
> g o iR- free H2/Air ABP=2 bars; CBP=2 bars
v 1 A iR- free H2/Air ABP=1 bar ; CBP=1 bar
2 0.9 -
(6 .
S 0.8 - §gg’\>¢<>0°o00°

a -

S 07| Aealt e iR-free
Q & 2 o
(D)
go° S A performance
0 d B
"~ 0.3

0.2 ‘

0 500 1000 1500 2000
Current density, mA/cm®




[e]
o

I Cellresistance |

.............

PEMFC performance after
200 hours of operation at
0.2 A/lcm? and 1.5 A/lcm?
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Power density vs. cell voltage for the cell with

0.1 mg/cm? CASPC in cathode catalyst layer at
25°C in H,/Air and H,/O,
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CV/ plots for CASPC catalyst after cycling

from 0.6 to 1.2 \/ at 30°C
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CV/ plots for CASPC catalyst after cycling

from 0.6 to 1.0 \/ at 30°C

Platinum oxidation effects
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CONCLUSIONS

eAerogel supported Pt catalyst have been
successfully tested in PEMFCs with 0.1 mg/cm?
loading at room temperature

.Demonstrated high OCV, close to theoretical Tafe
slope and high electrochemical surface area

ePower density at 0.6 V is about 0.55mW/cm?

Further improvement in the cell performance can
be achieved by optimization of the aerogel
catalysts structure and cathode catalyst layer
composition.
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