
Losses in Fuel Cells



Fuel Cell Charge Transport



Charge Flux

j(A/cm2), J(mol/cm2), 

M: coefficient, F: dV/dx, dμ/dx, dP/dx...
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Ohmic Resistance

Thi l t l t h lThinner electrolyte has lower 
resistance, but has to 
consider

- Mechanical weakness

- Non-uniformity

Sh ti- Shorting

- Fuel crossover

- Contact resistanceContact resistance

- Dielectric breakdown



Ohmic Resistances in Fuel Cell

Electrolyte (ionic) resistance is dominant, 
since all other resistances are electronic.



Basic Equations: Diffusivity



Basic Equations: Conductivity



Ionic Conduction

Basic equations

Liquid electrolyte

Calculated conductivity may be valid only for dilute solutions



Ionic Conduction in Ceramic

Using and 

: extrinsic 

: intrinsic 

CommonlyCommonly,



Extrinsic vs Intrinsic

Intrinsic vacancy 

extrinsic vacancy



Ion Conduction in Polymers

Nafion



Nafion Characteristics 1

Water absortion
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Nafion Characteristics 2

Conductivity 
vs T & water contentsvs T & water contents



Nafion Characteristics 3

Electro-osmotic drag



Nafion Characteristics 4

Back Diffusion



Nafion Resistance Example



Nafion Resistance Example

Water flux in Nafion

Find B CFind B.C.

Find water diffusivity



Nafion Resistance Example

Water profile in Nafion

B CB.C.



Nafion Resistance Example

Conductivity profile

Ohmic resistance



Ohmic Resistance

Water profile through membraneOverpotentials in PEMFC’s

Reference:

Pa=3atm, Pc = 3atm, T = 80C, vH2=1.5A, vO2=1.5A

tm = 0.0125cm, tc = 0.0365cm, ta = 0.0365cmtm  0.0125cm, tc  0.0365cm, ta  0.0365cm

ndrag = 2.5, poro = 0.4, Relative Humidity = 100% 



Electrolytes

CsHSO4

PBI, poly 2,2´-m-(phenylene)-
5 5´ bib i id l5,5´-bibenz-imidazole.



More on TBP(PEMFC)



More on TBP(SOFC)


