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Abstract — Ceria is one of the most important catalytic materials which can be used in three-way catalysts, waste
water treatment, petroleum refining, etc. So far, many methods have been studied to produce ceria nanoparticles. In this
study, ceria nanoparticles were prepared via solvothermal synthesis using supercritical methanol in short reaction time
using a batch reactor. The size of synthesized ceria nanoparticles in supercritical methanol is 6 nm without capping
agent, which is smaller than that made in supercritical water at the same conditions of 400 °C and 30 MPa. Size differ-
ence results from density and critical point difference between water and methanol and slow reaction rate at the surface
of ceria particles in supercritical methanol which reduces crystal growth rate. Several organic compounds were added to
modify the surface of ceria nanoparticles, and in-situ surface modification was confirmed by FT-IR and TGA analysis.
Surface modified ceria nanoparticles have excellent dispersibility in organic solvent. Size and shape of surface modified
ceria particles can be controlled by adjusting molar ratio of modifier to precursor and selection of modifier.
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Fig. 1. TEM images of ceria particles synthesized in (a) methanol and
(b) water without surface modifier at 400 °C and 30 MPa.
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Fig. 2. TEM images of ceria particles synthesized in (a) methanol and
(b) water without surface modifier at 300 °C and 25 MPa.
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Fig. 3. Temperature profiles of the reactor with water and methanol.
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Fig. 4. Schematic diagram of barrier mechanism of methanol medium
during the synthesis of ceria nanoparticles.
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Fig. 5. X-ray diffraction patterns of ceria nanoparticles synthesized
in water and methanol at 300 and 350 °C.
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Table 1. The summary of experimental conditions with various surface modifiers

Surface modifier Molar ratio (modifier/precursor) T (°C) P (Mpa) Reaction time (min)
Decanoic acid 12/1 400 300 10
Decanoic acid 32/1 400 300 10
Decanoic acid 70/1 400 300 10
Decanoic acid 20/1 350 250 10

Oleic acid 20/1 350 250 10
Oleyl amine 20/1 350 250 10
Benzoic acid 20/1 350 250 10
Dodecyl aldehyde 20/1 400 300 10
No modifier
—_—— Modifier : precursor = 12:1
b Modifier : precursor = 32:1
«
8
c M
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Fig. 6. TEM images of ceria nanoparticles synthesized in supercritical
methanol at 400 °C and 30 MPa. The molar ratios of decanoic
acid to the ceria precursor were 12 (a,d), 32 (b,e) and 70 (c,f).
(g) and (h) are HR-TEM images of (d) and (e) respectively

=31212] TEM A1%13} HR-TEM AFd0] Fig, 60l Uellet, Bzt
ARS TANAAR ARESE A, Ehlof AFgle] AdE dAke
HANHAE AR 2 Alg]of iRkeh thE2 A Bx1A] oFar 2 u)
dE AL B 5= e} vizbaka dtaAl|e] Eulz) 12 ul, (Fig. 6(a),
(d) 7] YA A= e §IAFE] A1 ©F 4 nmolt}. i
slo] ko] EH-S #Esk HR-TEM AR (Fig. 6(g)y> B9, A+
oke] Azt Ag)7F 242} 0.329) 0.27 nm UL BRIE 4= QlaL o] E &
&l =T (1112 200)H-S 7FA L Q= A2 & 4= 9lth. Fig. 6(b),
()= TlIRPAEe] En)7) 322 o) Al %3k Ao} Q1xke] ARlo] helg)
o, 3] A7) 4 nmE EH]7} 12 & wig} xjo)7) qiSic
St Fig. 6(h)2] UAHe] AxF A1E S8l gd#ke] (11D} (200) |
£ gleld 4= QI3It. Fig. 6(c), (= HIZHAEY] EH|S 7007 sl
Azgt Aol §IAke] TEM ARloltt. dizike] =n]71 ARl ol wet
AR AR 2717F 2 nmE E30H, 717 U Fol gl
ARE ks glg 5= gisict.

T3 dizkike] Algjole] S /MAZEA] ot ] 918 FT-IR
WAE Az om Aiks Fig. 70 Ueoleh, Z/EAIE A
S1A] oFar 2UA wlgkEoA] Alzst Alglot YAkl 79, FT-IR

Wavenumber (cm™)

Fig. 7. The FT-IR spectra of ceria nanoparticles prepared in super-
critical methanol.
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Fig. 8. TEM images of ceria nanoparticles synthesized with surface
modifiers in Table 1. (a) decanoic acid, (b) oleic acid, (c) ben-
zoic acid, (d) dodecyl aldehyde, (e) oleyl amine.

Table 2. The average size of ceria nanoparticles synthesized with different
surface modifiers

- = —
Surface Modifier Average Particle Size"  Standard Deviation

(nm) (nm)
Decanoic acid
o] 55 14
/\/\/\/\)J\OH
Oleic acid
2 8.0 1.9

ST

Benzoic acid

©_<‘; 4.1 0.9

Dodecyl aldehyde 104 26
P e e V)
Oleyl amine

?@ 49 1.5

DEvaluated by TEM images, where the number particles of sampled was 50
1

N 2.5
d.—d 2
DStandard deviation= [M}

: where N is the number of particles

sampled, d; is particle size and d,,,, is average particle size.
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