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Abstract — The effects of relative humidity, current density and temperature on the ionic conductivity were studied in
PEMFC (Proton Exchange Membrane Fuel Cell). Water contents and water flux in the electrolyte membrane largely
affected ion conductivity. The water flux was modelled and simulated by only electro-osmotic drag and back-diffusion
of water. lon conductivities were measured at membrane state out of cell and measured at MEA (Membrane and Elec-
trode Assembly) state in condition of operation. The water contents in membrane increase as relative humidity increased
in PEMFC, as a results of which ion conductivity increased. Current enhanced electro-osmotic drag and back diffusion
and then water contents linearly increased. Enhancement of current density results in ion conductivity. lon conductivity

of about 40% increased as the temperature increased from 50 °C to 80 °C.
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Fig. 1. Schematic representation of transport of proton and water
in membrane and electrode.

Table 1. Parameter values in simulation
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Parameter Symbol Value Unit Ref
Mass transfer coefficient Y 5.7 x 10° m/s m/s [9]
Membrane Thickness Lm 1.8x10%m m

Activation energy of water diffusion coefficient E;W 2416 J/mol [12]
Electro-osmotic coefficient C, 1.07 mol/m3 [12]
Equivalent weight of the membrane Se 1,200 g/mol [13]
Faraday constant F 96,485 C/mol
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Fig. 2. Comparison of water content in membrane as a function of
relative humidity.
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Fig. 3. Water contents in membrane as a function of current density.
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Fig. 4. Comparison of ionic conductivity as a function of water con-
tent in membrane.
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Fig. S. Variation of ion conductivity as a function of current density.
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Nomenclature

: Electro-osmotic coefficient [mol/m?]

: membrane water concent [mol/m?]

: membrane water content at anode [mol/m’]

: water sorption equilibrium at anode [mol/m?]

: membrane water content at cathode [mol/m?]

: water sorption equilibrium at cathode [mol/m?]
: Water diffusion coefficient [m?/s]

: Activation Energy of water diffusion coefficient [J/mol]
: Faraday constant [96,485C/mol]

: Current density [A/m?]

: Water flux [mol/m’s]

: Membrane thickness [m]

: Relative Humidity [%]

: Sulfonic acid group concentration [mol/m?]

: Temperature [K]

: Mass transfer coefficient [m/s]

: Membrane conductivity [S/m]
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