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SOMCHAI SONSUPAP : PREPARATION, STRUCTURE, MAGNETIC
AND ELECTROCHEMICAL PROPERTIES OF CeO2-BASED
NANOSTRUCURE. THESIS ADVISOR : PROF. SANTI MAENSIRI,

D.Phil. 212 PP.

CERIUM OXIDE/ NANOSTRUCTURES/ DILUTE MAGNETIC OXIDE/

OXYGEN VACANCIES/ SUPERCAPACITOR

This study reports the synthesis of nanostructures of CeOz and Ce1-xMxO2 where
M is Fe, Co, Cu, or La (0<x<0.10) as a dilute magnetic oxides (DMQOs) material by
simple solution method and electrospinning technique. The prepared nanostructures
were characterized by XRD, FTIR, Raman, FE-SEM, TEM, BET techniques, XPS and
XANES. The magnetic and optical properties of the prepared nanostructures were
studied by VSM and UV-Vis. Moreover, the electrochemical properties of the prepared
CeO> based nanostructures were investigated by CV, GCD, and EIS.

The study indicates that the simple solution method and electrospinning
technique give the structures of nanoparticles and nanofibers, respectively. Both
nanostructures exhibit similar characteristics. The prepared nanoparticles and
nanofibers have particle sizes of between ~11.1+1.9 to 50.1+0.9 nm and diameters of
between 31.4+2 to 59.2+2 nm, respectively. The particle size increases with calcination
temperature and doping concentration. The XRD result suggests the formation of CeO2
cubic fluorite structure. UV-Vis spectra show a redshift of the band gap energy due to
transition metal substitution. The XAS and XPS spectra indicate the presence of Ce*",

Ce®, Fe®/2*, Co?*®*, Cu?*, and La3* states which suggests the formation of oxygen



v

‘wacancies (Vo) in structures. At 10 kOe and room temperature, the CeO; nanostructures

“exhibit both weak ferro and diamagnetic behavior, while the CexFexO2 nanostructures

exhibit the RTFM behavior. The highest saturation magnetization (Ms) value of 0.305
w'g was reached for the Ceo.90Fe0.1002 NFs sample. The ferromagnetic behavior of
this system can be explained by F-center exchange, which is associated with the
- of V,. The magnetic cationic (Fe, Co) and nonmagnetic cationic (La) valence
ates also play an important role in the FM of the samples.

In addition, the Carbon-CeO; (C/CeOz) composite nanofibers were fabricated
electrospinning technique in this work. Their physical properties were studied. The
were prepared as an electrode and their electrochemical performance was
ticated. The CeOa nanofibers show the specific capacitance of ~30 F g, while
D, composite nanofibers exhibit a likely rectangular CV of electric double layer
-itance (EDLC) behavior with the capacitances of 232 F g’ (for C/Ce0220 wt.%).
Ce0), 20 wt.% electrodes stored the charge by a combination of both EDLC forming
surface area of carbon matrix (~754 m? g') and the pseudocapacitive process

and/or metal oxides composited in each electrode. Furthermore, most the

odes showed the imposing cycling capacity retention more than 90% after 1000
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