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Quantifying the oxygen stoichiomeiry
of Pr-doped ceria through X-ray
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High Temperature Equilibrium Conductivity
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HTEC of dense 20PCO ceramics
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MIEC ([V], [Pree.])
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DC conductivity as expected for PCO'2

1. Bishop et al., J. Mater. Res., Vol. 27, No. 15, Aug 14, 2012

Reduction of Ce (MIEC)

2. Bishop et al., Phys. Chem. Chem. Phys., 2011, 13, 10165-10173 3
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Figure of merit: L. = D*/kd

D*: oxygen self-diffusion coefficient
ka: oyxgen surface exchange coefficient

(b) Temp/°'C
Model system suggests high ka'! o —————
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Reduction

2 Pri, = 2 Pre. + Vi +10,

Conductivity
Otot = Z 0; = Z niqiui
i i

Otot = Opr T Ojon = [PrCe] * |e| * Hpr + [VB* * 2|e| * HV

Charge neutrality

= - igh_rﬁz _ Ho i Hm,i
2[Vg] = [Pre] +n n < [Pre.] Hi = 7 X (_ kT )

0= [Pr’ |xe Mopr Pl ex (— Hm’PT)+—u0Vex ( Hm’v)
Ce TiPres — P\™ kT T “P\" kT

Bishop et al., J. Mater. Res., Vol. 27, No. 15, Aug 14, 2012
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+Simplified Pechini* (Nanopowder)
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Dissolution, geling and combustion of nitrates

Solid State Route
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Line broadening:
« Crystallite size
* Microstrain (Ady)

x
1l
¢ o
>
1 1 1 1 1 1 1 1 1 1

: x=0
J ll_A x=0.1(SSR) ]
F I L l L x=02(5SR)

20 30 80

2 Theta (° ) 7

Intensity (a.u.)
f
é; |




#) )0LICH
Chemical expansion in air < JuLicH
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Microstrain analysis
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Conductivity QLZOPCO in air
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Sample preparation

Screen printed samples on 1 mm 20GDC pellet

AU

PCO_ |

GDC

AU

Cathode sintering at 1300°C
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Electrochemical impedance spectroscopy

Imaginary part 2" (Q2 cm?)
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Temperature (°C)
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Ronm = IONIC resistance of electrolyte

Rpo = OXygen surface exchange resistance of electrode
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« Conductivity of 20PCO sensitive to Pr-valence state
« Mixed valence of Prinduces microstrain — maximum at [Pr3*] = [Pr4*]
« Polaron mobility has maximum at & = 0.05 — 680°C for 20PCO in air

» Polaron mobility influences polarization resistance R,

« Activation energy of 20PCO cathodes increases with T

« Chemical expansion a problem for processing
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Thank you for your attention!
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Preparation of screen printing pastes

Grain size is very important for properties of ceramic

Control of particle size via ball-milling for solid state powders

Relative frequency (%)
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Screen printing pastes:
powders in terpineol

mixing the pre-suspension with
ethylcellulose solved in
terpineol.

Layers were printfed on 150 um
8YSZ foils (Kerafol), using a
circular geometry with @ =12
mm for PCO and @ = 10 mm
for LSCF. Symmetric and
asymmetric cells were
prepared for EIS and
MICroscopy.



PCO in air

4-point conductivity
Temperature (°C)
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« Changeink,

Weight change (g/mol)
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Thermogravimetry
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Temperature interval close to 6 = 0.05
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