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High Temperature Operation of a High Temperature Operation of a 
PEMFCPEMFC

o Faster Electrochemical Kinetics
o Better water management
o High-quality waste heat
o Enhanced CO tolerance
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Preparation of Composite MembranesPreparation of Composite Membranes

o Recast Membranes from Nafion solution
o Impregnation of metal oxides
o Post-treatment of membranes using H2O2

and acid
o Metal Oxides: SiO2, TiO2 and Al2O3

o Electrodes: Commercial ETEK Electrodes
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Fuel Cell PerformanceFuel Cell Performance--DegussaDegussa HulsHuls MOMOxx
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Performance at 75% RH
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Fuel Cell PerformanceFuel Cell Performance-- AA AA 
oxidesoxides
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Performance at 75% RHPerformance at 75% RH
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Characterization of composite membranesCharacterization of composite membranes

o EPMA 
o SAXS
o Fluorescence
o IEC measurements
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Microprobe Analysis
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Microprobe AnalysisMicroprobe Analysis
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SAXS StudiesSAXS Studies
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FluoroscenceFluoroscence ExperimentsExperiments
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DMA MeasurementsDMA Measurements
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What is the Chemistry???What is the Chemistry???

Fuel Cell Performance depends on
o Chemistry of various of oxides
o End groups
o Reactivity of metal ions
o Interaction of Nafion with metal oxides
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What is the Chemistry???What is the Chemistry???

Fuel Cell Performance depends on
o Chemistry of various oxides
o End groups
o Reactivity of metal ions
o Interaction of Nafion with metal oxides
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Possible MechanismsPossible Mechanisms

OH OH

Metal Oxide

H+

-----CF-----

SO3
-



Frick Laboratory, Princeton University,Princeton NJ 08544

Possible MechanismPossible Mechanism
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Membrane RH 
(%)

E0 

(mV)

b 
(mV/decade)

R         
(ohm cm2)

Cell Potential 
at 600 mA/cm2 

(mV)

75 940 54 0.9 -
SiO2 100 954 54 0.25 659

75 967 65 0.33 587
TiO2 100 960 54 0.25 662

75 960 70 0.35 582
Al2O3 100 941 48 0.53 511

65 0.26 632Plain 100 961

Electrode Kinetic ParametersElectrode Kinetic Parameters-- DH DH 
oxidesoxides
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Electrode Kinetic ParametersElectrode Kinetic Parameters--AA AA 
oxidesoxides

M em b ra n e R H  (% ) E 0 (m V ) b  
(m V /d eca d e)

R  (o h m  
cm 2)

C ell P o ten tia l 
a t 6 0 0  m A /cm 2  

(m V )

7 5 9 4 0 5 4 0 .9 -
S iO 2 1 0 0 9 5 0 6 0 0 .2 3 6 4 8

7 5 9 7 5 8 2 0 .2 9 5 7 3
T iO 2 1 0 0 9 4 8 4 9 0 .4 1 5 8 0

7 5 9 7 6 6 8 0 .5 8 4 2 4
Z rO 2 -7 .5  µ 1 0 0 9 5 8 5 1 0 .2 9 6 4 5

7 5 9 6 5 7 2 0 .5 4 4 5 8
Z rO 2 -1 .5  µ 1 0 0 9 6 0 5 5 0 .3 2 6 2 0

7 5 9 7 0 8 3 0 .7 4 0 0
A l2O 3 -1  µ 1 0 0 9 4 6 5 2 0 .3 2 6 2 5

7 5 9 7 0 8 4 0 .7 9 4 0 6
A l2O 3 -2 5  µ 1 0 0 9 5 3 4 5 0 .2 9 6 6 4

7 5 9 7 0 5 7 0 .7 3 4 4
T iO 2 (D egreased ) 7 5 9 0 8 6 5 0 .3 3 5 9 0
T iO 2 (S ilyla ted ) 7 5 8 9 7 7 7 0 .5 2 4 0 0
Z rO 2(A ld rich) ~ 1 0 0 9 4 4 5 7 0 .2 5 6 4 6

7 8 9 6 4 6 4 0 .6 2 4 4 2
Z rO 2(G F S ) ~ 1 0 0 9 3 9 5 2 0 .5 7 4 5 4

7 8 9 8 6 1 0 5 0 .8 5 -

6 5 0 .2 6 6 3 2P la in  R eca st 1 0 0 9 6 1
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IEC MeasurementsIEC Measurements
M e ta l O xid e I 3/ I 1 %  P ro tons  

c ons um e d
S iO 2 (AA) 1 .29 5

S iO 2 (D H) 1 .35 3

Al2O 3 (AA) 1 .35 4

Al2O 3 (D H) 1 .36 3

TiO 2 (AA) 1 .36 ~4

TiO 2 (AA)- (ac id  
treated  / degreas ed )

1 .15 2

TiO 2 (AA)- s ilylated 1 .33 - -

TiO 2 (D H) 1 .21 <1

Z rO 2 (AA, Aldrich) <1

Contro l 1.34 - -

Colorimetric Analysis for Al using Alizarin S
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Future WorkFuture Work

o Modification of Surface Chemistry of 
other Metal Oxides- Degreasing, Silylation

o H2-Air studies
o Lifetime studies
o DoE goal- 1200 C and 50% RH at 2 atm
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