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The electrolyte; example Y-doped BaZrO,

» Doping reaction

2Ba0 +Y,0, —2% 52Y, + Vo +50%

» Hydration
H,O(g) + vg + Og = 20H,

» Note: This Is not an electrode redox reaction.
The charge carriers do not enter via an electrode reaction
They are present in equilibrium with H,O(g)
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Electrode redox reactions

» H,-side reaction

H,(g) + 205 <> 20H_ +2e~

» O,+H,0-side reaction

0,(g) + 40H; +4e™ < 2H,0(g) + 405
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Electrode
reaction
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H,-side H.(9) 0.0)
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Charge transfer (CT)
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Cu and Pt point electrodes

on BZCY in H,+H,0O
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Figure 4: Representative impedance spectra for the Cu (top), and Pt (bottom) point
electrodes, showing high (left) and low (right) frequency components. Spectra were

obtained at 600°C by varying pH-

in a pH20 = 0.0027 atm.
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Cu and Pt point electrodes on BZCY in H,+H,O
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» Adsorption

» Dissociation K’
» Dissolution i

» Diffusion
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Cu and Pt point electrodes on BZCY in H,+H,0O

2_ _ _
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Electrode space charge layer (SCL)

Pinter = Ap(0)>0
v

Positive charged core layer

v

()
A

log (concentration of protons, Cj+)

Metal

Agp(0)

electrode

+ 4+ + + ++++

Space charge layer

Yo BZY

Bulk

Electrical potential (¢)

A 4

G,

scl,red —

iO ¢ Department of Chemistry

University of Oslo

FC Ay FCH*“H*

2FA@(0)

red

RT

Ie p( FA(D(X)) . Mxp( FAﬁ(TO)redj

26 Vaas

5 ®.
p/’NO
o
7

i
S "
O/' ™0

ads.tph

@dlectha



B+GB+SCL+CT for nanograined Ni on BZY in H,+H,0O
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Mixed conduction — example O,+H,O-side electrode

ldeal H* Model |deal H* Ideal Typical Typical
conductor PCFC conductor PCFC oxide H* PCFC

cathode cathode conductor  cathode
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PCFC oxygen electrodes (cathodes)

» Mixed conductivity: protons, oxide ions, electrons (holes)

Typical
oxide H*
conductor

4H* —

UiO ¢ Department of Chemistry

University of Oslo

Typical
PCFC
cathode

& 02
N 2H,0

Quter circuit

EIS

Y e ' S i
] R ™ i
" v.e (.
1 I 1
1 Iy 1
1 Iy !
1 : | :
: R‘ 0 ! RC'I,O Rd.of !
1 Iy

O, ! B
1 I N
1 R ) I
i v.H ! R('.' H Rd,H* '
1 Iy !
L o e VN |

Electrolyte Electrode
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Perovskite electrode on BaZr, ,Ce,,Y,,0; (BZCY)

» Impedance spectra yield apparent .

electrode polarisation resistances
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Perovskite electrode on BaZr, .Ce,,Y,,0; (BZCY)

» ...but a more correct treatment is required

-1.2 1
» needs more input parameters and assumptions |
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Perovskite electrode on BaZr, .Ce,,Y,,0; (BZCY)

» Modelling by fitting all data

» Protons vs oxide ions

» Effect of electronic conduction
» CT and MT(d)
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Voltammetry

Tafel plot displays the P, L U-pnF
. . @ _—
Kinetics of only the = e RT " RT
£ RS
forward or backward R T
. < - .
reaction = 7o) P o te
2 - N oo | P -
g 7.5 o \ o .-y0
. . B - -_ 0 N "/',-’ . 0
Yields B, n, |, £ 80 o .
__:5_1 -8.5 . . o)
] [= i Negative bias © Positive bias
May require EIS to 9.0 \ . \
deconvolute R,S and n’S o 'Ba::,kwlardlrealctio? (I-:2 e\lfolultion') . Iforv\:rardl rea:ctioln (Il-i2 leidelltiOT)

-0.30 -0.24 -0.18 -0.12 -0.06 0.00 0.06 0.12 0.18 0.24 0.30
Overpotential (n) / V

Example: Ni on BZY
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Summary

» Hydration H,0(g) + vg + Og = 20H¢,

» Redox-reactions  H,(g) +20% <> 20H +2e"

,\i »
' 2~ ~4p 4N
» Reaction paths and CT  H,y i + 05 € Vago e T OHo +€7 67 o o
=1 pF =1nf  10-1000 nNF? =LuF  1-1000 mF
» EIS | — ——= —=
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. . Bulk rain ace charge arge ass
Pre-exponential: Microstructure B boudares lmver . tanstor  tranater
Activation energy: Kinetics @) wpfintertece (e ()
pH21 pH201 pOZ dependenCieS: Mechanistics D. Poetzsch, R. Merkle, J. Maier, J.
Electrochem. Soc., 162 [9] (2015) F939.
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