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Objectives 

Elucidate the rates and mechanisms of the loss of 
electrochemically active surface area (EASA) of 
polymer electrolyte fuel cell platinum electrodes

Technical Barriers

This project addresses the following technical 
barriers from the Fuel Cells section (3.4.4.2) of the 
Hydrogen, Fuel Cells and Infrastructure Technologies 
Program Multi-Year Research, Development and 
Demonstration Plan:

(A) Durability

(C) Electrode Performance

Technical Targets

This project focuses on fundamental studies of 
electrocatalyst degradation mechanisms.  Insights 
gained from these studies will be applied toward the 
definition of operating conditions and the development 
of improved materials to achieve the following DOE 
electrocatalyst durability requirements:

5,000 operating hours under load cycling at ≤80°C

2,000 operating hours under load cycling at >80°C

Accomplishments 

Determined dissolution behavior of bulk platinum 
as a function of potential and potential cycling

Determined the dissolution behavior of platinum 
nano-particles on a high-surface-area carbon 

•

•
•

•

•

support and determined the platinum particle size 
change 

Introduction 

One of the challenges facing the development of 
polymer electrolyte fuel cells (PEFCs) for automotive 
and stationary power applications is the durability of 
the fuel cell materials [1].  PEFC performance loss 
under steady-state and cycling conditions has been 
attributed in part to a loss of electrochemically active 
surface area of the platinum cathode electrocatalyst 
[2–5].  One of the proposed mechanisms for the loss of 
electrochemically active surface area is oxidation and 
dissolution of platinum at the high potentials typical of 
the PEFC cathode [1,6,7].  This dissolved platinum can 
then either deposit on existing platinum particles to form 
larger particles (Ostwald ripening) [5] or diffuse into an 
electrochemically inaccessible portion of the membrane-
electrode assembly (e.g., into the gas diffusion layer) 
[8].  It has been speculated that platinum dissolution 
may be quite prevalent, not only during potential cycling 
typical of varying load conditions, but also during 
potential holds at high potentials typical of idling in 
the automotive application [1].  Such dissolution may 
be a significant cause of limited PEFC lifetimes.  The 
purpose of this project is to determine the mechanisms 
and rates of loss of electrochemically active surface 
area of platinum and platinum alloy electrocatalysts 
under conditions relevant to PEFCs in the automotive 
application.  The data from this study can be used to 
predict electrocatalyst lifetimes and to define conditions 
(e.g., potentials) that accelerate or mitigate catalyst 
degradation.

Approach

The overall approach of this project is a 
combination of measurements of platinum dissolution 
rates, pre- and post-polarization ex situ analyses of 
membrane-electrode assemblies (MEAs), and in situ 
x-ray scattering and fluorescence studies of operating 
MEAs.  This year’s research focused on the measurement 
of the equilibrium concentration of dissolved platinum 
and dissolution rates as a function of form of the 
electrode, potential, and potential cycling.  The electrode 
was platinum wire or platinum nano-particles on 
high-surface-area carbon (10-wt% Pt/C, E-Tek).  The 
electrolyte was perchloric acid, chosen because it mimics 
the non-adsorbing characteristics of Nafion® [9].
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Results

The equilibrium concentration of dissolved platinum 
in perchloric acid was determined as a function of 
potential for potentiostatic conditions and at room 
temperature for both platinum wire and Pt/C.  These 
results are summarized in Figure 1.  These data show 
that the equilibrium concentration of dissolved platinum 
for Pt wire increases with increasing potential from 
0.65 to 1.1 V (vs. standard hydrogen electrode, SHE) 
and is logarithmically dependent on potential in 
the 0.85 to 1.1 V region.  The potential dependence 
observed in this region translates to a ten-fold increase 
in dissolved platinum concentration for every 92 mV 
increase in potential.  The equilibrium concentration  
of dissolved platinum for Pt wire was found to decrease 
at potentials above 1.1 V.  This decrease has been 
attributed to the formation of a passivating oxide film  
on the platinum surface.  The invariant concentration  
of dissolved platinum in the 1.3 to 1.4 V region indicates 
that the platinum metal is fully covered by a protective 
PtO film and that the equilibrium Pt2+ concentration in 
the electrolyte is governed by the chemical dissolution  
of PtO.

The equilibrium concentration of dissolved platinum 
for Pt/C was found to be less dependent on potential 
than for platinum wire, and it was found to decrease at 
potentials between 1.0 and 1.2 V.  Unlike the Pt wire, 
however, the Pt/C did not passivate above 1.2 V and 
showed a further increase in dissolved Pt when held at 
potentials >1.2 V.  This behavior has been attributed 
to corrosion of the carbon support at these high 

potentials, resulting in the loss of Pt to the electrolyte.  
Transmission electron microscopic examination of 
the Pt/C before and after the potentiostatic treatment 
showed that there was no strong effect of the treatment 
on Pt particle size.

This year we also determined the rates of Pt 
dissolution under potentiostatic and potential cycling 
conditions.  These results are shown in Figure 2.  
Conclusions from these results are that the dissolution 
rate for Pt/C is much higher than that for Pt wire 
under potential cycling conditions and that cycling the 
potential to >1.0 V accelerates potential cycling-related 
Pt dissolution compared to potentiostatic dissolution 
rates.  It was also found that the steady-state dissolved 
platinum concentration for both polycrystalline Pt and 
Pt/C increase with increasing upper potential limit of the 
potential cycles.

Conclusions and Future Directions

Conclusions

The dependences of the equilibrium concentration 
of dissolved platinum on potential for both the bulk 
platinum and Pt/C electrodes are consistent with 
platinum dissolution concurrent with oxide layer 
formation.  At potentials of 1.1 and 1.0 V, for Pt wire and 
Pt/C, respectively, the oxide forms a passivating film, 
inhibiting further platinum dissolution.  At potentials 
>1.2 V, which can be encountered during PEFC start-
up and shut-down procedures [11] the equilibrium 
concentration of dissolved platinum increases further 
for the Pt/C electrode, most likely due to concurrent 
corrosion of the carbon support.

Figure 1.  Equilibrium concentration of dissolved platinum as a function 
of potential for Pt wire and Pt/C.  Also shown for comparison is the 
expected concentration from thermodynamic calculations for dissolution 
to Pt2+ (ref. 10).

Figure 2.  Platinum dissolution rates for Pt wire and Pt/C under 
potentiostatic and potential cycling conditions.  Potential cycling was 
from 0.4 V to potentials shown at a rate of 10 mV/s.
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The upper potential limit dramatically affects both 
the steady-state dissolved Pt concentration and the 
rate of dissolution when cycling the potential in the 
0.4 to 1.2 V range.  The threshold potential for potential 
cycling-accelerated dissolution of platinum is 1.02 V.  
This observation indicates that formation and reduction 
of the passivating oxide film are responsible for the 
increased degradation rates of fuel cell electrodes under 
potential cycling conditions.  Cycling the PEFC between 
potentials typical of open circuit conditions (~1 V) and 
potentials typical of load conditions should be avoided 
in order to mitigate cycling-related acceleration of 
platinum dissolution. 

Future Work

Our near-term future work will focus on 
measurement of platinum dissolution for Pt/C and 
Pt3Co/C:

Pt/C high surface area electrode (E-Tek) in 
perchloric acid electrolyte

Finish determining potential cycling effects on 
dissolution with higher upper-limit potentials 
(1.3–1.5 V)

Transmission electron microscopy for 
changes in Pt particle size and support

Effect of atmosphere (air and hydrogen) 

Effect of temperature (room temperature to 
120°C)

Pt3Co/C high surface area electrode (Tanaka) in 
perchloric acid electrolyte

Potential (0.65–1.4 V)

Potential cycling (0.4 to 1.4 V)

Atmosphere (air and hydrogen)

Temperature (room temperature to 120°C)

Particle size, oxidation state, and distribution of 
platinum in MEAs under varied experimental 
conditions (e.g., potentiostatic, potential cycling, 
different atmospheres and temperatures)

•

–

-

–

–

•

–

–

–

–

•
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1.  “Effect of Voltage on Dissolution of Pt, Relevance to 
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Letters, 9(5), A225-A227 (2006).

2.  “Fundamental Studies of Platinum Electrocatalyst 
Degradation,” Xiaoping Wang, Deborah J. Myers, and 
Romesh Kumar, Fuel Cell Durability 2005, Washington, 
D.C., December 8–9, 2005. 
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