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Abstract Cerium oxide (CeO,, often called as Ceria) is one of the valuable rare earth oxide materials, which has been
widely used for high temperature applications such as solid oxide fuel cells, automotive three-way catalysts and oxygen
storage capacity. Considering those application, it is important to improve high redox and thermal stability with high surface
morphology because the high surface area of CeO, could improve the catalytic reactivity at high temperature conditions.
Herein we successfully fabricated hierarchical flower-like CeO, deposited via controlling pathway of precipitation reaction
to supply carbonate ion lead to the flower-like morphology. The hexagonal lattice system of precipitated precursor shows
better thermal stability then orthorhombic one during thermal cycling condition.
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Fig 1. SEM images showing the fabricated powder via acid-base precipitation methods. The different precipitated precursors: (a)
Ce(OH)CO, from ammonium carbonate reaction, (b) Ce,O(CO;),’H,O from urea reaction and the calcined CeO, powders at 300°C
for 1 hr: (c) that calcination of (a) Ce(OH)CO;, (d) that calcination of (b) Ce,O(CO;),"H,0.
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Fig. 2. XRD patterns showing the fabricated powder via acid-
base precipitation methods. The different precipitated precur-
sors: (a) Hexagonal Ce(OH)CO,; from ammonium carbonate
reaction, (b) Orthorhombic Ce,O(CO,),"H,O from urea reaction.

sA0% AR} AE Row vk,
4Ce(OH)CO, + 0, — 4Ce0, + 4CO, + 2H,0 @)

Fig. 1(c)~1(dy= st & F7Ex] Z}zhe] mAl9x
‘B‘Wfﬂ SEM o[n|A] Ao 2 sthapyela] Agsrt
H AbskE Prﬂg‘;& T J=be] &3 4ol e

u, Jd ke dAe] mAlTx @4 adlE /A
skal 2}]\32 gRlsiiet. Mty s DAl AshAlE

(Ceria) §7d o] vAl+x P4 A =9 2
A wigF ol PAE o]t AoF F U] FRI=EN
o}, &3k, 8 Al (hexagonal)2} AFE74 A (orthorhombic)
FokE A vRS AAA BY 209 0k ExE =
g gl ve £ AR AoE & F dE Ae=
TE st 77 v Rl
V‘ﬂ?‘z Fde] ke A
A 9ol =% AloE Bl aRIEHA AsklE

(Ce0,, Ceria) AtelE mA+2E JFHT o=z dds

Hexagonal precursor from
Ammonium carbonate
Crystal nucleation

Ce(OH)CO,

N\
A

= Ce,0(CO;),'H,0

Orthorhombic precursor growth
via pH & rate controlling

® CeO_ after calcination

Orthorombic, CeyO(CO3),H)O — CeOz

Intensity (a. u.)

(b) ‘Aﬂiexagonal. Ce(OH)CO3 —e= CeO,
Ammonium carbonate AA*M

10 20 30 40 50 60 70 80
2 theta (260 /degree)

Fig. 3. XRD patterns showing the fabricated CeO, powder via
calcination at 300°C for 1 hr acid-base precipitation methods:
(a) CeO, pattern from calcination of orthorhombic Ce,O(CO;),*
H,O from wurea reaction, (b) of orthorhombic hexagonal
Ce(OH)CO, from ammonium carbonate reaction.
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Fig. 4. Schematic diagram of controlling acid-base reaction to fabricate high surface flower-like CeO, via co-precipitation with
Ammonium carbonate and Urea.
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Fig. 5. XRD pattern showing the precipitation precursor from

acid-base precipitation methods; the complex precursor consists

of orthorhombic Ce,0(CO;),'H,0 and hexagonal Ce(OH)CO;
mixture.
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Fig. 6. SEM images showing the fabricated powder via acid-base precipitation methods and calcination at 300°C for 1 hr from the
complex precursor consists of orthorhombic Ce,O(CO;),H,0 and hexagonal Ce(OH)CO; mixture; (a) the CeO, powder in low
magnification and (b) high magnification after calcination.
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