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Development of Novel Methods to Precisely Control Property of Metal Oxides
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Masazumi Tamura

We developed preparation method and size control method of cerium oxide nanotubes by using carbon

nanotubes as templates and evaluated the reaction characteristics of the cerium oxide nanotubes.

In the preparation of Ce0, nanotube, acid treatment of carbon nanotubes by nitric acid is the most

important step, and high temperature and high concentration of nitric acid (60 wt%) are effective

for high selective preparation of uniform CeO, nanotube. The wall thickness and pore size of carbon

nanotubes could be controlled by changing the amount of cerium nitrate and the diameter size of carbon

nanotubes, respectively. Moreover, Ce0, nanotube with a narrow pore size showed higher activity to

hydration of 2-cyanopyridine to 2-picolinamide than that with a wide pore size.
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30% or 60% HNO; (60 ml)

Reflux at 140~150 °C for 24 h
«—— Washed by water until pH=7
«—— Dried at 80°C

| HNO, treated CNTs

[ HNO, treated CNTs 0.4 g |

«—— Ce(NO3)3-6H,0, alcohol solution (0.05 mol/L) 44 mi
(ethanol : water = 1:1)

«——— Sonication for 1 h at r.t. (15 min x 4)

Aqueous NaOH solution (0.125 mol/L), dropwise
—»pH=10 and stirring for 30 min.

«— Hydrothermal process at 110 °C for 24 h
+——— Washed by water (pH=7)
+— Calcined at 400 ~ 600°C
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3 40~60 150 30 5.5 H,0 NaOH 10 500  le-h
4 40~60 145 30 5.5 H,O+EOH NaOH 10 600 2
5 40~60 145 30 1 H,O+EtOH NaOH 10 *ﬁ’gg&:go’ 14 M3
6 40~60 145 30 275 H,O+EOH NaOH 10 500 5 4
7 40~60 145 30 1 H,0+EtOH NaOH 11 600 s
8 40~60 145 30 1 H,O+EtOH NaOH 9 600 6
9 40~60 145 15 1 H,0+EtOH NaOH 10 600 7
10 40~60 145 60 1 H,0+EtOH NaOH 10 *?0326’:(?0’ 14(600°C) [ 8,9
1 40~60 145 60 5.5 H,0+EtOH NaOH 10 600 10
12 40~60 145 60 16.5 H,O+EtOH NaOH 10 600 16 -
13 20~60 145 60 2 H,0+EtOH NaOH 10 600 2 M2
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[%] 1. TEM and SEM images of CeO,-NTs prepared at various
heating temperature during HNO; treatment of carbon nanotube
(ab: # 1, entry 1,¢,d: 7 1, entry 2, e-h: Z 1, entry 3).
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2. TEM and SEM images of CeO,-NTs prepared with
H,O+EtOH solvent during deposition of Ce species on the carbon
nanotube( 1, entry 4).

3. TEM and SEM images of CeO,-NTs prepared with 11 Ce
mmol/g-carbon during deposition of Ce species on the carbon
nanotube (3% 1, entry 5).

4. TEM and SEM images of CeO,-NTs prepared with 27.5 Ce
mmol/g-carbon during deposition of Ce species on the carbon
nanotube ( 1, entry 6).

5. TEM and SEM images of CeO,-NTs prepared under high
final pH of 11 during deposition of Ce species on the carbon
nanotube (3% 1, entry 7).
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6. TEM and SEM images of CeO,-NTs prepared under low
final pH of 9 during deposition of Ce species on the carbon
nanotube (% 1, entry 8).
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7. TEM and SEM images of CeO,-NTs prepared with high
concentration of H,NO; (15 wt%) during HNO; treatment of
carbon nanotube (3 1, entry 9).

8. TEM and SEM images of CeO,-NTs prepared with high
concentration of H,NO; (60 wt%) during HNO; treatment of
carbon nanotube (Table 1, entry 10).

9. TEM and SEM images of CeO,-NTs prepared with high
concentration of H,NO; (60 wt%) calcined at different calcination
temperatures ( #% 1, entry 10) with different calcination
temperatures (a) Dried CeO2-NT, (b) calcined at 673 K, (c)
calcined at 773 K, (d) calcined at 873 K.
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[ 1 0. XRD patterns of CeO,-NTs under high concentration of
H,NO; (60 wt%) (3 1, entry 10). a) Dried CeO,-NT, (b) calcined
at 673 K, (c¢) calcined at 773 K, (d) calcined at 873 K. (e)
Ce0,-HS (Daiichi Kigenso Kagaku Kogyo CO., LTD.)

[ 1 1. CeO,-NTs under the optimized conditions calcined at
different calcination temperatures (# 1, entry 10)?KERKIREE (2
LoD GO (G, REERK, 400°CHERL. 500°CHE
%, 600°CHERK)
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1 2. TEM and SEM images of CeO,-NTs prepared with
20~40 nm carbon nanotubes.

1 3. TEM and SEM images of CeO,-NTs prepared with
20~40 nm carbon nanotubes with twice amount of Ce(NOs);
during deposition of Ce species on the carbon nanotube (22 mmol
Ce/g-carbon).
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Calcination s Y v
Eatry Catalyst TPC /g’ /% /mmolh" m?
1 CeO2-NT [ 81 ___76_ .. 0.06 ___
2 prepared with 11 Ce ___ 400 ¢ 81 ___165 . 014
3 mmol /g-carbon and U500 62 185 020 .
30% H2NO;
4 & "1 e’m‘y's, 3 600 46 220 032
5 CeOwNT - 73 22 0.0.2
6 prepared with 11 Ce 400 7 6.6 0.06
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7T 60% H:NO;3 500 57 10.2 0.12
g (Rl enuyl0, E89) 400 43 116 018
9  CeO:-HS 600 84 30.7 0.24
""" [
10 without carbon 600 64 308 0.32
nanotube

Reaction conditions: CeO; 0.03 g, 2-cyanopyridine 2 mmol, water
3 g, 303 K, 1 h. *Specific surface area determined by BET method,
"Yield, “Reaction rate per surface area.
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R T o e w7 oa
2 eyl msg M8 U6 o
3 (C;%I::try 12) 16 62 18.4 0.20

Reaction conditions: CeO; 0.03 g, 2-cyanopyridine 2 mmol, water
3 g, 303 K, 1 h. *Wall thickness, "Specific surface area determined
by BET method, °Yield, “Reaction rate per the surface area.
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Pore size® 5 Y [
Entry Catalyst /nm /m?g’ /% /mmol h! m?
CeOrNT
L @Lewyiomge  TH U6 08
CeO-NT ~30 46 206 030

(% 1, entry 13, B 12)

Reaction conditions: CeO, 0.03 g, 2-cyanopyridine 2 mmol, water
3 g 303 K, 1 h. *Determined by TEM, “Specific surface area
determined by BET method, “Yield, “Reaction rate per the surface
area.
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