Eiif)-g.lszzseirlfg(?:rirla(;::;t'zg’Mz?iiflizlggo_fFuel-Cell Based Vehicles Some Remarks on the EleCtrOChemiStry Of FC
Overall reaction 2 kmol H, + 1 kmol O, = 2 kmol H,O

[ kmol x = 6.022...-10°° parts of substance x
1 kmol H = 9.648..:10° C, "Faraday's constant"

2kmol Hy, —= 4 kmol H+ 4 kmol e

R
o Eﬁ 3-phase contact-points
H2 —_| = + 02+ N2 + Hzo
- ‘ — electrolyte (membrane)
proton
exchange.| Ht catalyst
membrane _

I

cell areaA //‘9/ |

electrode (anode)

H, O, N, t*H,0O

1 kmol O, + 4 kmol H'+ 4 kmol e~ — 2kmol H,O
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First law: P= Q*z - Q*z
Perfect gases: Q*l- =cmT,
I
* * P ) -
m | O, Efficiency: n.= = < . <
1 0,
PHE P ) (T -T; ) B T,
i Q*z c-m-1; T,
’ Entropy: l- Q*Z =1 - TZ — ]Q, L =constant = §;
QI 1 i
Second law: AS = §2 - 5’: =0
PHE = Perfect Heat Engine
RHE = Real Heat Engine
RHE: efficiency 1. <n,

second law A§=§2 -§1>0
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1865. ANNALEN JsYo. 7.
DER PHYSIK UND CHEMIE.
BAND CXXV.

L. Ueber verschiedene fiir die JAnwendung bequeme
Formen der Hauptgleichungen der mechanischen
Weéirmetheorie; von R. Clausius.
{Vorgerragen in der paturf. Gesellseh. o Zirich den 24. April 1865.)

Sucht man fiir S einen bezeichnenden Namen, so kdnnte
map, abnlich wie von der Grafse U gesagt ist, sie sey der
Wirme- und Werkinhalt des Kdrpers, von der Grifse S
sagen, sie sey der Verwandlungsinhalt des Korpers. Da
ich es aber fiir besser halte, die Namen derartiger fiir die

"the conversion"

 Zu mennen. Das
‘Wort Eniropie habe ich absichtlich dem Worte Energie
moglicbst dhnlich gebildet, desn die beiden Grifsen, welche
durch diese Worte benannt werden sollen, sind ibren phy-
sikalischen Bedeutungen nach einander so mahe verwandt,
dals eine gewisse Gleichartigkeit in der Benennung mir
zweckmafsig zu seyn scheint,
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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 x temperature 7 (assume isothermal reactions)
kJ/kmol

2km01H2I + 1 kmol O, H —— 2 kmol H,O

enthalpy 4 "heating free

kJ/kmol value" energy
hl g= h /- Ts
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Hydrogen fuel-cell data

2 kmol hydrogen H, h =0 MJ/kmol 5298 K =2-38.92 MJ/kmol
[ kmol oxygen O, h = 0 MJ/kmol 5298 K = 61.09 MJ/kmol
2 kmol water H,O h=-2241.8 MJ/kmol 5298 K= 256.23 MJ/kmol

Thermodynamic efficiency of a fuel-cell at idle

Ag 4571
2an = "7 7535%

=0.94...

Idle voltage

Ag=Uyl=U,4964..10° = U,=1185... V
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Ufc A V " . . "
u) activation losses
y ——— "ohmic losses"
0.6 R "diffusion losses"
C /
0.2
I I I I I I _ —
1000 6000 e AN

U c: Tres Po, » P, » XH,05-+2) =
Cl[ﬂfC D IfC ECFSE
Uo(Tte: Po, » Pr, ) ~Yact(Ties Poy, s Pu, ) I1—€7 ) = ﬁQ(XHZO’TfC) + ¢, G_D H[ﬂfc

D max
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higher boost pressure

higher water content

"forbidden zone"

base case
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