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SYNTHESIS OF DISPERSIBLE CORE-SHELL
METAL@OXIDE MATERIALS AND THEIR
APPLICATION AS STABLE FUEL CELL CATALYSTS
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OUTLINE

DISPERSIBLE Pd@CeO, STRUCTURES

| Synthesis and characterization




INTRODUCTION: CORE-SHELL STRUCTURES
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CORE-SHELL STRUCTURES:
MOTIVATIONS IN CATALYSIS

Metal particles

Sintering due to thermal

/
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Chapter 2 in “Nanorods, Nanotubes and Nanomaterials Research Progress”,
Nova Science Publishers, 2008
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CORE-SHELL STRUCTURES IN CATALYSIS:
MAIN PROBLEM #1
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: Pt@SiO,
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CORE-SHELL STRUCTURES IN CATALYSIS:
MAIN PROBLEM #2

Dispersibility is an issue!

Agglomeration not desired

|

I Grafitization of
io TEOS ° C18sicl; ° hydrocarbon chains
| Si0 5i0, on the surface of

| .

|

’ ——————————————————————————————————————————————————————— g
1 dé‘f,x@w o o }
: = ‘F‘Et}m h 00— Si~™"R |
. . § VR v |
! & Direct synthesis of R ' 1R e <111 P !
. g — O i MeD— §7T TR — g e g [ SR
| nanoparticles A i AL JRESl :
1 « o o R s 7l y -
I containing linker " el i
: . o% Q;,H (=] 0 I
AW silanes ) !
: R: NHCH,CH,NH,, PO,(Me), PEG. I
L Jana, N. R. et al. Chem. Mater. 2007, 19, 5074-5082_ ;



CORE-SHELL STRUCTURES IN CATALYSIS:
METAL — OXIDE INTERFACES

High activity:
- low metal loadings
- low operative temperatures

cooperative
effect!

Guzman, B. C. et al. Angew. Chem. Int. Ed. 2005, 44, 4778



CORE-SHELL STRUCTURES
SYNTHESIS & CHARACTERIZATION

Pd@CeO, &
metal@oxide



CORE-SHELL STRUCTURE DESIGN

COOH-Ce bond
Ce-OR bond

not stable

nanoparticle #aaac 11-mercapto- “‘u%ﬁ-’" Ce(lV) alkoxide
undecanoic acid

Pd-S bond
stable




ASSEMBLY OF DISPERSIBLE Pd@CeO, SYSTEMS

i

= dodecanoic acid-
modified Ce(lV)
tetrakis(decyloxide)

MUA-Pd NPs

MUA: 11-Mercapto
Undecanoic Acid

Pd core size:
1.8+ 0.2 nm
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Dispersible in CH,Cl,,
toluene, hexane




TEMPLATING EFFECT
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CHARACTERIZATION OF Pd@CeO, DISPERSIBLE
ASSEMBLIES: ATOMIC FORCE MICROSCOPY
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CHARACTERIZATION OF Pd(50%)@CeO,
DISPERSIBLE ASSEMBLIES: EELS MAPPING
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EXTENSION TO OTHER

METAL@OXIDE COMBINATIONS
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Core metal:
bimetallic
particles
MUA-Pd/Au 1/1
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Shell oxide:
Zr0,, TiO,
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TAKE HOME MESSAGE #1
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Pd@CeO, AS STABLE CATALYSTS
FOR FUEL CELL APPLICATIONS

Pd@Ce0,/LSCM/YSZ



SOLID OXIDE FUEL CELLS: INTRODUCTION
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Very high T (~700 °C)

—> Stable materials!



PREPARATION OF THE ANODE MATERIALS

Pd only Pd/CeO, Pd@CeO,

Pd nanoparticles

Pd@Ce0, CeO, layer

CeO, film
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YSZ-LSCM support

-0.5wt % Pd & 4.5 wt % CeO,

- Calcination at 700 °C

after infiltration

- Aging test: calcination at 900 °C
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CATALYTIC ACTIVITY OF THE MATERIALS
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CHARACTERIZATION OF THE ANODES

Pd+CeO,/LSCM - 973 K
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STABILITY OF Pd@CeO, CATALYSTS

At high temperature:

Pd
nanoparticles

CeO, film CeO, layer

2\

Pd/CeO, Pd@CeO,
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TAKE HOME MESSAGE #2

The embedding approach can lead to highly active and
thermally stable catalysts
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