Losses in Fuel Cells
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Fuel Cell Charge Transport



Charge Flux

i(A/ecm?), J(mol/cm?2),
M: coefficient, F: dV/dx, du/dx, dP/dx...
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Thinner electrolyte has lower
resistance, but has to
consider

— Mechanical weakness
— Non-uniformity

— Shorting

— Fuel crossover

— Contact resistance

— Dielectric breakdown



Ohmic Resistances in Fuel Cell
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Electrolyte (ionic) resistance is dominant,
since all other resistances are electronic.



Basic Equations: Diffusivity
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Basic Equations: Conductivity
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lonic Conduction

Basic equations

- 2
. |z:| F'D cl z F)* D
o = (|zi|F)eity  w= " o= —
RT
Liquid electrolyte
dV v
Fp = g Fp = b6mprv Uy = g7 =
o ar
Cation Mobility, u ( Mobility, u (2-)
HT(H,Ot) 3.63x 1073 2.05 » 1072
K+ 7.62 x 1074 8.13 x 1074
Agt 6.40 » 1074 7.96 x 1074
Nat 519 x 1074 7.91 x 1074
Lit 4.01 x 1074 4.61 % 1074

Calculated conductivity may be valid only for dilute solutions




lonic Conduction in Ceramic
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Intrinsic vacancy

Extrinsic vs Intrinsic

extrinsic vacancy
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Polytetraflouroethylene (PTFE)



Nafion Characteristics 1

Water absortion
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Nafion Characteristics 2

Conductivity

e

o(T, A) = o303k (A) exp [1268 ( 1 — —l—) }

where  oapax(Al = (0.005193)  0.00326)
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Nafion Characteristics 3

Electro—osmotic drag

A .
Ndrag = -ng,f;ﬁ for 0<\< 22 Nigrag = 2.5.
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Nafion Characteristics 4

Back Diffusion s
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Nafion Resistance Example

Example 4.4 Consider a hydrogen PEM fuel cell powering an erxternal
load at 0.7A /em?. The activities of water vapor on the anode and cathode
sides of the membrane are measured to be 0.8 and 1.0 respectively. The
temperature of the fuel cell is 8¢°C. If the Nafion®membrane thickness is
0.125mm, estimate the ohmic overvoltage loss across the membrane,

convection
diffusion
electroosmotic

drag

electronic
conduction
ionic
conduction

H+2H+ 2e’

2H+ 2e +1/20,
—-+H.0

Anode Electrolyte Cathode



Nafion Resistance Example

Water flux in Nafion
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= 0.0043 + 17.81 x 0.8 — 30.85 x 0.8% 436.0 x 0.8° = 7.2:
Find B.C. A = 0.0043 4 17.81 x 0.8 — 30.85 x 0.8% 436.0 x 0.8> = 7.22
AC = 0.0043 4+ 17.81 x 1.0 — 30.85 x 1.0° 4+ 36.0 x 1.0° = 14.

Find water diffusivity
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Nafion Resistance Example

Water profile in Nafion
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(a) Water content profile across the Nafion® membrane



Nafion Resistance Example

Conductivity profile
o(z) = [0.005193(4.40 4+ 2.30 exp(109.82)) — 0.00326]
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= 0.0404 + 0.0216 exp(109.8=)
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(b) Local conductivity profile across the Nafior® membrane

R B /f-m {EE _/D.DIEE I:_JJT:
S I 0.0404 + 0.0216 exp(109.82)

= 0.1500em?

Viohm = j X R = 0.7(Afem?) x 0.15(Qem®) = 0.105V



Yoltage(VW)
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Ohmic Resistance
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Overpotentials in PEMFC’s Water profile through membrane

Reference:

Pa=3atm, Pc = 3atm, T = 80C, v,=1.5A, v5,=1.5A
tm = 0.0125cm, tc = 0.0365cm, ta = 0.0365cm
ndrag = 2.5, poro = 0.4, Relative Humidity = 100%



Log conductivity (Sicm)

Electrolytes
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More on TBP(PEMFC)
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More on TBP(SOFC)

Standard Electrode: Qndy
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