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Materials with mixed ionic—electronic conductivity
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IT SOFC cathode materials

PrNi, ,Co,05 s (PNCx, x=0-0.6); Ce,,Y,.0,.5 (YDC); nanocomposites PNCx-YDC

Synthesis of nanocomposites:

By ultrasonic dispersion of powders mixtures in solvents with addition of
surfactants, compacting into pellets/supporting layers and sintering up to
1300°C

Structure and composition: XRD, TEM +EDX
Activity in O, dissociation and oxygen mobility:

O, TPD, 80, and C!®0, isotope exchange (SSITKA), XRD SR unit cell relaxation
(UCR), weight & conductivity relaxation




Basic method of synthesis — modified Pechini route
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XRD PNCx
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Sintered at 1100°C. Cox=0.6 (1), 0.5(2) and 0.4 (3).
Amount of Pr,0,, admixture increases with Ni content




TEM with EDX: PNC-YDC

Domains of doped ceria contains
up to 30% of Pr after sintering at
1100°C and up to 50% after
sintering at 1300°C.
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Incorporation of Pr cations into
doped ceria phase disorders both
perovskite-like and fluorite-like
phases.




Redistribution of Pr in PNC0.5-YDC

Ce,..Pr,..Y,,0,.1100°C
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CepsProosYo.10,.5 1100°C(left); PNCO.5-YDC 930°C heating in He(right).
(111) reflection splitting of fluorite-like phase caused by oxygen loss of
YDC-2 with incorporated Pr.




O, temperature programmed desorption
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Cox=0.6(1), 0.5(2) and 0.4 (3). PNCx- several separated narrow peaks,
desorption is associated with several states of bulk oxygen (defects,
restructuring). Much higher oxygen mobility in nanocomposites, desorption
at lower temperatures of up to 50 oxygen monolayers ~1% of total oxygen
content = lower barriers for oxygen diffusion in the bulk.

Oxygen mobility tends to slightly decrease with Co content




C!20, SSITKA
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Points — experiment; lines — fitting.

Good fitting by model with two bulk oxygen forms with DI/DII ~103
Much better sensitivity of C*80, exchange to bulk diffusion due to by 3
order higher rates of exchange as compared with 180, exchange

Much higher oxygen mobility in nanocomposites due to fast channel

domination




XRD UCVR basics
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Method restrictions

B lkchem
2Dch,em

- 1/2 = lyyq ~10 pm
L = (0.1 — 10) for calculation both k0, and D pem

=> 2 < |log( kchem) — 108(Depem)| < 4 (optimal 3)

Representative times of the process
102 ¢ (with flush timee corrections) < t < 10* ¢

Impossible to measure if
there are abrupt changes in cell

500°C, pO2 100mbar — 10 mbar gt
by = 235 due to the phase transitions
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CPY-1100°C unit cell volume relaxation curves
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XRD SR unit cell relaxation curves for CPY obtained after pO, change from 100
to 10 mbar. Points — experiment; lines - fitting.




XRD UCVR PrO, 4

ProO, . 1100°C
500°C, pO2 100mbar — 10 mbar
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XRD SR unit cell relaxation curves for PrO, 5 obtained after pO, change from
100 to 10 mbar. Points — experiment; line - fitting.

log( kepem[cM c™1]) = —4.5 + 0.5 (500 °C)

log( Dopem[cM? ¢71]) = —=7.2 + 0.5 (500 °C)




D, scale
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Niy  — the most efficient, more pronounced effect of Ni content on fast
channel via defects (up to 10% of total content in the bulk)

Pr deficiency in perovskite decreases migration barrier, but its content is still
~5%. Pr incorporation in fluorite decreases migration barrier due to a
vacancies in Pr coordination sphere as proposed.




EXAFS

Ce-L3 edge

Gd-Ce system, T=500C
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The intensity of the EXAFS peaks corresponding to the Ce-O and Ce-Me
coordination shell declines with increasing dopant content. Lower Ce-O
peak - higher [V,] in Ce vicinity.




EHT = 3.00 kV Signal A = SE2 Date :21 May 2014
WD = 6.4 mm FIB Imaging = SEM Time :15:18:46

Thank you for attention




Station at the 6" beamline

Tonnomerp
HUBER 480

KOHTpOIIb
TEMIEPaTyphl

Kepamunyecknit gepxatenb obpasua
(chesa).

& s SRS UGA-100 macc-CrnekTpomeTp A/
| KOHTPONA NapLUyManbHOro AaB/eHUS
Kucnopopaa. (cnpasa)




