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PANNEE LAWUDOMPHAN : EFFECT OF OXIDATION STATE OF
CATIONS ON THE ELECTRICAL CONDUCTIVITY OF Sm,03-DOPED
CeO; ELECTROLYTE FOR SOLID OXIDE FUEL CELL. THESIS

ADVISOR : ASSOC. PROF. SUTIN KUHARUANGRONG, Ph.D., 152 PP.

SOLID OXIDE FUEL CELL/COPRECIPITATION/OXIDATION STATE/XANES/

XPS/EXAFS

CeO; is a candidate material for SOFC electrolyte. With Gd or Sm ion
dopants, its electrical conductivity increases, suggesting an increase of oxygen
vacancy. The purpose of this investigation is to study the effect of oxidation state of
cations on the electrical conductivity of Sm,O3-doped CeO, electrolyte. Ce;xSmxO,.5
(x = 0.1-0.3) were synthesized via coprecipitation method from nitrate hexahydrate.
The experiments were separated into two parts. The first one was conducted to study
effects of various precipitants, ammonium carbonate, ammonium hydrogen carbonate
and hexamethylenetetramine, including synthesis condition on morphology and size
of precipitated particle, phase and grain size of sintered specimens. The second part
was concentrated on the oxidation number of Ce and Sm ions including coordination
number and interatomic distance attributing to the electrical conductivity of these
compositions.

The results of the first part show that the best precipitant for this work is
ammonium carbonate with a molar ratio of cation to ammonium carbonate at 0.15:1.5
M and the suitable synthesis temperature at 70°C with an aging time of 1 h. The

synthesized powder is spherical particle in a range of 20-25 nm. The dense sintered



sample with small grains is obtained after sintering at 1300°C with a soaking time of
2 h as compared to other precipitants and synthesis conditions. The electrical
conductivity of sintered samples increases with increasing Sm substitution and
reaches maximum for 20 at% Sm with the conductivity value of 9.42x10° S/cm at
500°C. However, with an increasing Sm dopant to 30 at%, the electrical conductivity
of CeO; decreases.

For the second part results, the oxidation states of Ce and Sm for all
compositions characterized by XANES are tetravalent and trivalent, respectively. In
contrast, the results from XPS show mixed tetravalent - trivalent and mixed trivalent -
divalent for Ce and Sm ions, respectively. The different results from XANES and
XPS are possibly due to the experimental condition within the UHV chamber of XPS
and the X-ray radiation may cause gradual reduction of their valency. The amplitude
of first shell Ce-O obtained from Fourier transform of EXAFS spectra is minimum for
Ceo.sSmg 20,5, corresponding to lower coordination numbers of O around Ce. In other
word, the highest amount of oxygen vacancy in this composition results in higher
conductivity as compared to CegeSmo10.., and Ceo7Smg30,.5. However, the
coordination number and oxygen vacancy obtained from EXAFSPAK fitting data are

not clearly specified.
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