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Motivation

Characterization of Fuel Cells by Electrochemical Impedance 
Spectroscopy:

Determination of electrode structure and reactivity, separation 
of electrode structure from electrocatalytical

 
activity

Determination of electrochemical active surface (locally 
resolved)
Determination of reaction mechanism and separation of 
different overvoltage contributions to the fuel cell 
performance loss
Determination of degradation mechanism of electrodes, 
electrolyte and other fuel cell components (bipolar plates, end 
plates, sealings, etc.)
Determination of optimum operation condition (e.g. gas 
composition, temperature, partial pressure), cell design (flow 
field) and stack design



Schematic
 

representation
 

of main
 

types
 

of fuel
 

cells
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Experimental set
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Schematic representation of the different steps and their 
location during the electrochemical reactions as a function 

of distance from the electrode surface

N. Wagner, K.A. Friedrich, Dynamic Response of Polymer Electrolyte Fuel Cells in „Encyclopedia of Electrochemical

 

Power Sources“

 
(Ed. J. Garche

 

et al.), ISBN-978-0-444-52093-7, Elsevier

 

Amsterdam, Vol.2, pp. 912-930, 2009
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Bode representation of EIS measured at different current 
densities, PEFC operated at 80°C with H2

 

and O2
 

at 2 bar 
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PEFC: Schematic
 

Diagram (cross section)
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SEM micrograph
 

of PEFC elctrode
 

(Pt/C+PTFE)



TEM micrograph
 

of Carbon
 

Supported
 

Platinum
 

Catalyst



SEM-picture
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Diffusion Cathode



SEM picture
 

of PTFE/C powder
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Nyquist representation
 

of porous
 

electrode
 impedance

 
with

 
faradaic

 
impedance
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Agglomerated
 

Electrodes
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 (Cantor-block model)
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Bode diagram of measured EIS at 
different cell voltages
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EIS at Polymer Fuel
 

Cells
 

(PEFC):
 Contributions to the cell impedance at different current densities
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EIS at Polymer Fuel
 

Cells
 

(PEFC):
 Contributions to the overal U-i characteristic determined by EIS
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Bode Diagram of EIS, measured
 

at PEFC, 75°C, 0.5 Acm-2
 Variation of gas flow

 
rates

 0

15

30

45

60

75

90

2

5

10

20

1 3 10 100 1K 10K

O
 

1.5H; Air = 1.2; E = 644 mV
+

 

1.5H;  Air = 1.5; E = 675 mV


 

1.1H;  Air = 2;    E = 653 mV


 

1.5H;  Air = 2;    E = 654 mV 
active surface area 50 cm2

Impedance / m Phase / °

o



EIS on PEFC, 80°C, 5 A, cathode fed with different 
gas composition, λ=1.5, N111 IP CCM (Ion Power Inc.)   
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Schematically
 

representation
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alkaline

 
fuel

 
cell

AFC

Cathode
 

with
 

ORR
O2 + 2 H2

 

O + 4 e-→ 4 OH-

Anode 
2 H2 + 4 OH-

 

→ 4 H2

 

O + 4 e-

Current
 

density

Cell
 

Voltage
 

[V]

-0.83

+1.36

+0.40

ΔE0

 

= 1.23V



Current
 

density
 

/ potential characteristic

Cathode

P
ot

en
tia

l

Current density

0, Cathode

k,C

d



U0

0
Cathode

Reference

CE RE ODC
Hg/HgO



SEM picture
 

of cross section
 

of silver
 

membrane
 

with
 0.2µm pores

 
diameter



CV‘s
 

(1 mV/s) from
 

-700 mV to 450 mV vs. Hg/HgO
 

bei 
80°C in 10 M NaOH, O2
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Vergleich Impedanzspektren, aufgenommen in 10 M 
NaOH bei 80°C, -700 mV vs. Hg/HgO

 
nach 60 Minuten
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Equivalent
 

circuit
 

with
 

relaxation
 

impedance
 

and 
measurement

 
at -700 mV, 1.2 µm membrane

100m 1 3 10 30 100 1K 3K 10K

600m

550m

800m

1

1.5

|Z| / 

0

15

30

45

60

75

90
|phase| / o

frequency / Hz

 1
 2

 4

 6

 7

 8

 3  5

1  2  
 20.17 s
 50.84 m

2  394 m
3  2.167 mF

 868.3 m 
4  763.4 m
5  1.779 mF

 1.007  
6  1  

 102.6 m
 0 

7  566.7 m
8  213.2 nH



Conclusion

Determination of the individual potential  losses during fuel cell 
operation

Determination of degradation mechanism and performance loss

Improvement of fuel cell performance and stability by 
understanding instead of trial and error 

Determination of critical
 

operation
 

conditions
 

of fuel
 

cells
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