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Analysis of Voltage Losses in  
Polymer Electrolyte Electrolysis Cells  
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1.23 V (Thermodynamics) 
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! !How$are$the$losses$composed$in$PEEC$?$

! !influence$of$pressure$on$losses$

! !experiments$up$to$100$bar$

$

! !$are$there$transport$losses$?$

! !effect$of$different$CCs,$PTLs$
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Experimental Setup 
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$

" ! 6G$?E$MNN$J5;$

$

" ! 4$cm2$ac*ve$area$

$

" ! .A?5<A6O$sintered$powder$
86;;:<?$8E77:8?E;=$$
$$2$mm$thickness,$$
$$5$9$20$μm$avg.$pore$diam.$

" ! Nafion  117 CCM 

small$cell$! $homogeneous$condi*ons$

(“differen*al”$cell)$

! $analysis$of$data$with$0D$Model$

$
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Quantification 
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1.23 V (Thermodynamics) 

Transport  
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Ohmic Loss 
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!

at 50 ¡C  

! iR  

!

ca. 18¡ C Temp. 
increase @ 5 A/cm2 

(ca. 8 W/cm2)
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Kinetic Losses 
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Tafel$slope$b$$

! ! !" ! !" !

@$50$°C$ @$10$bar$
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! ! ! !" !!" !
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Thermodynamics 
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E0 (p,T) = E0 (T)+
R!T
2F

ln a(H2 ) ! a(O2 )
a(H2O)
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Influence of Pressure on Kinetic Overvoltage 
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@ 10 mA/cm2: 23 ± 2 mV/dec 
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Influence of Pressure on Kinetic Overvoltage 
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Mass Transport Losses 
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2nd$Tafel$slope$?$

350$mV/dec$
mass$transport$

losses$

! !"# !! ! !"## ! ! ! ! !! ! ! ! !"# ! ! ! ! ! !



2nd$Interna*onal$Workshop,$Freiburg,$D$$$9$$Feb.$16/17,$2016$

! iR  

! mtx  

! kinetic  

Loss Analysis as Function of Pressure 
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Learnt so far 
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" !$losses$unexplained$in$0D9Model$which$could$be$
$a`ributed$to$mass$transport$

$

" !$kine*c$losses$seem$to$be$influenced$by$pressure$
$$

" !$ac*vity$of$liquid$water$may$not$be$unity$$$
$with$increasing$pressure$$
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Relative Losses (Measured Data)  
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M$J5;$
balanced$

MNN$J5;$
balanced$

Gas Permeability  

ca. 0.3 mA/cm2 bar 
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Relative Losses (Measured Data)  

Page$16$

M$J5;$
balanced$

MNN$J5;$
balanced$
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M$J5;$
balanced$

MNN$J5;$
balanced$

Relative Losses (Extrapol . for THIN Membrane ) 
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DROA7$0:OJ S$
(calculated)$

+MMT$
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Summary 
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" !$loss$mechanisms$in$PEEC$inves*gated$in$differen*al$cell$

" !$pressure$dependence$of$thermodynamics$and$kine*cs$

$not$trivial$

" !addi*onal$(transport)$loss$may$be$significant$

" !$more$work$required$
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Wir schaffen Wissen Ð heute fŸr morgen 
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