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Hydrothermal Synthesis of Ceria and Its Precursor Particles
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ABSTRACT  Fine particles of ceria and its precursor were obtained from solutions of cerium salts in
the presence of urea by heating under hydrothermal conditions at 120 to 180°C. The effects of the
nature of the starting cerium (Ce(III) or Ce(IV)) salts, the. concentration of urea, and hydrothermal

treatment temperature on the composition, morphology, the crystal phase and crystallite size of

synthesized particles were investigated. Ultra-fine CeO, particles were hydrothermally synthesized

from 0.1mol*dm™ cerium (IV) salts and their crystallite size was decreased from 20 to 10 nm with

increasing urea concentration from 2 times to 8 times that of the Ce** ion. On the other hand, two types

of carbonate particles were formed from cerium (III) salts, and their crystal phase also significantly

depended on the concentration of urea and treatment temperature. It changed gradually from

orthorhombic to hexagonal with increasing urea concentration and treatment temperature.
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Fig. 1. X-ray diffraction patterns of particles prepared
from (a) 0.1 mol*dm™ CeCl,*7H,0 solution, (b) 0.1 mol*
dm™ Ce(NO,); * 6H,0 solution, and (c) 0.1 mol*dm™
Ce,(SO,);*8H,0 solution in the presence of 0.3 mol*dm™
urea under hydrothermal conditions at 180°C for Sh.
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Fig. 2. Effect of urea concentration on the proportion of
hexagonal cerium carbonate prepared from 0.1 mol-dm?
Ce,(S0,),*8H,0 solution in the presence of urea under
hydrothermal conditions at 180°C for Sh.
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Fig. 3. Effect of treatment temperature on the proportion
of hexagonal cerium carbonate prepared from 0.1 mol*dm™
CeCl,* 7H,0 solution in the presence of 0.1 mol*dm™ urea
under hydrothermal conditions for Sh.
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Fig. 4. TEM photographs of particles prepared from 0.1
mol-dm® CeCl;* 7H,0 solution in the presence of (a) 0.1

mol * dm® urea and (b) 0.8 mol * dm™ urea under
hydrothermal conditions at 180°C for Sh.
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Fig. 5. X-ray diffraction pattern of CeO, particles
prepared from 0.1 mol*dm™ Ce (SO,),4H,0 solution in
the presence of 0.3 mol-dm® urea under hydrothermal
conditions at 180°C for Sh.
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Fig. 6. TEM photographs of CeO, particles prepared from
0.1 mol+dm™ Ce(S0,),*4H,0 solution in the presence of

0.2 mol*dm™ urea under hydrothermal conditions at 180°C
for Sh.
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Fig. 7. Effect of hydrothermal treatment temperature on
the crystallite size of CeO, precipitates prepared from 0.1
mol*dm? Ce(S0,),*4H,0 solution in the presence of 0.4
mol *dm™ urea under hydrothermal conditions for 5h.
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Fig.8. TEM photographs of CeO, particles prepared from
0.1 mol-dm? Ce(S0O,),*4H,0 solution in the presence of
0.5 mol*dm™ urea under hydrothermal conditions at 180°C
for Sh.
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Fig. 9. Effect of urea concentration on the crystallite size
of CeO, particles prepared from 0.1 mol*dm™ Ce(SO,),*
4H,0 solution in the presence of urea under hydrothermal
conditions at 180°C  for Sh.
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Fig. 10. Calcining temperature dependence of specific
surface area and crystallite size of CeO, powder prepared
from 0.1 mol*dm™ CeCl,* 7H,O solution in the presence of
0.2 mol+dm™ urea under hydrothermal conditions at 180°C
for Sh.
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Fig. 11. Calcining temperature dependence of specific
surface area and crystallite size of CeO, powder prepared
from 0.1 mol*dm™ Ce(SO,),*4H,0 solution in the presence
of 0.4 mol*dm™ urea under hydrothermal conditions at
180°C for Sh.
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