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Second law:
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Perfect gases: Q  = c m T.

First law: P = Q  - Q1 2
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PHE = Perfect Heat Engine

RHE = Real Heat Engine
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Some Remarks on the Electrochemistry of FC

"the conversion"
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Each homogeneous substance ("phase") has two states

h:   Specific energy (enthalpy of formation), units kJ/kmol

s:   Specific entropy, units kJ/kmol K

Only differences to an arbitrary  zero level important 

For heat engines ("indirect conversion") the Carnot efficiency defines the optimum

For electrochemical reactions ("direct conversion") the "free energy" is the limit

entropy s    temperature  T  (assume isothermal reactions)

enthalpy h

kJ/kmol

kJ/kmol

free
energy

"heating
 value"
 h
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Thermodynamic efficiency of a fuel-cell at idle

Idle voltage

η =
∆ g
∆ h η  =               = 0 .94É

∆g = U  I = U  4 96.4É 10              U  = 1.185É   V

2 kmol hydrogen  H    h = 0  MJ/kmol                s 298 K =2 38.92 MJ/kmol
1 kmol oxygen  O       h =  0  MJ/kmol                s 298 K = 61.09 MJ/kmol
2 kmol water  H  O    h = -2 241.8  MJ/kmol     s 298 K= 2 56.23 MJ/kmol
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Some Remarks on the Electrochemistry of FC

"activation losses"

"ohmic losses"

"diffusion losses"

Ufc (i fc,Tfc, pO2
, pH2

, xH2O,…) =
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higher boost pressure

"forbidden zone"
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