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Hierarchical morphology control of ceramics from nano
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1.0 UV wisible near-infrared

2 Solar Energy Distribution
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BRI EETMR [Ce0,/y-AlLO;/MEM (Pt, Pd, Rh)]

FER (%)
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C¢H N, +6 H,O -6HCHO + 4NH, AlO,~ + 2H,0 <~AIl(OH), + OH—
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Applications
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Medicals
Transparent electric conductor
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O, emission in Japan

Flying : 4.3% — _ ={(3in : 3.3%

Shipping : 4.6% = .

€O, emission Taxi : 1.75 |

| "Tf’::f,ﬁm Bus : 1.89 %

™~ CO, emission

from transport
In Japan @ 2009

)

Freight e
_fnr family

Automobiles N

From Ministry of Land, Infrastructure, Transport and Tourism
http:/awww.miit. go_jp/sogoseisaku/environment/sosel_environment_tk_000007 htm

Automobiles occupy 88% in transport section. (202Mt.)
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World

100% -

250 .i Electric Vehicle

- Plug-in Hybrid Vehicle
200 mmmm Hybrid Vehicle

I Internal Combustion Vehicle
- 150  —#— CO, emission by new car

80% -

Sales share

60% -

40% -~ - 100
20% - - 30
0% 4 - 0
2007 2020 2030 From IEA, World Energy Outlook 2009

Intfroducing the 450ppm scenario will push up the ratio of the next
generation automobiles to 60%.

*Internal combustion : improve the combustion efficiency and
correspond the alternative fuels (bio-fuel etc.)

*Launch the next generation automobiles (HEV, P-HEV, EV) positively
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Weight /%

CeOpq» Ce* , Ce3*, 00,yo Oy + X40,

Chemical composition

0sC
(kmol-Og™)

0, evolution/adsorption
rate (umol-0g1S?)

Cey54rg4Sng 0,

13.2 (H,), 61.8(0,) 1062 (H,), 1080 (O,)

1.06 (CO), 49.8 (O,) 1014 (CO), 940 (O,)

35 min

15 min

75 1(|)O 125 150 175 200
Time/min

|
225
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CeOr——— Ce

The ideal r(Mn+)/r(02') lonic size ratio of MOg = 0.732

In the case of fluorite structure ceria: r(Ce4+)/r(02') =0.703

ce?t is not large enough to stabilize fluorite structure

Improve the OSC by doping with metal ion smaller than Ce#*

4+

l
i

1-x Ce 3+x Og_y/2 Oy/2 + X4 Oy

: Ce08

8 cordination ion size (nm)

of various metal ions

Crystal structure of CeO»

Ce4+
Zr4+

Ca?zt
Fe3+

Al3*

0.097
0.084
0.112
0.072
0.059

Tid+

Sn4+
Nb5+
Bi3+

0.067
0.077
0.071
0.071
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Distilled water 60ml|

| Ce(NH,),(NO,); (0.1 M)

<« | ZrO(NO,),*2H,0 (0.08M)

Additives (0.02M)
<« | TiCl,, SnCl, * 5H,0, Fe(NO,), * 9H,0,
oH 9 Bi(NO,), * 5H,0, Al(NO,),, NbCl,

NH;e H,O >
v
Mixed solution

y

Solvothermal process (200°C , 1-24 h)

v
- Dry (100°C, 12h)
v
Calcination (1000°C, 20h)
¥

Characterization



After solvothermal reaction After calcination
at 200°C and pH 9 for 24 h at 1000°C for 20 h * CepsZos0;
A A Ce-rich*
B Zr-rich*
¢ Ceq 521 4Big.0sNbg 050, N A A
° " e A [} u [ | A A
W‘
L Ce.5Zry.4F€0.0sNDbg 0502 . A A
[ ) A
MWMWMWWMWMM o R LI
[ ]
Ce, Zr, ,Sn, , O o
MWWWMMM . A ,
®
. e ® Cey5Zro4Tip 10,
[ ] [ ]
MMMMWM
[ T T T I ! I ! I v I Y 1 ] ' 1 ' ] ' 1 ' ] ' 1 ' 1
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Cu Ka 206/° Cu Ko 206/°

*Journal of Alloys and Compounds 470, 387-392 (2009) .
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Cey 5, 4T1,,0,
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TEM images of the samples after calcination in air at 1000°C for 20 h

TR '.:E:"'r‘;"' e




BET specific surface area (m?/qg)

—J— before calcination
_‘_ after CaICInatlon Ce0-5zr0.4Fe0.05Nb0.0502
280.4
Cey52rg 45N 10,
245 7 Ce(.52r0.4Blg 0sNDg 0502
' 226.5
Ce,:Zr, 0

Ceria-A 05410.50>
155.3 167.9

Ce52r04Tig 10,
169.4

32



« G s £
o 3 o cs <
CIES & =% s
& N, 3 o S =
S N - i s
5 8 & 33 &
] B S MR s ]
1000 fresh samples 88 °
— 8007
= i
L 600+
o
£ i
1 -
~
o 4007
wn
o -
200
- calcined samples
0 — 1t r r . T - r rr 1 - ¥ r 1 T Tr
0.100 0. 092 0. 084 0. 076 0. 068

Cation radius /nm
The relationship between OSC and incorporating cation radius

Cation radius (nm): Cet (0.097)> Zr*t (0.084)> Co2t (0. 083)> Sn*t (0.077)>
Fe3t (0. 072) = Nbst (0. 071)= Bi® (0. 071)>Ti% (0. 067)
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Synthesis of Ceq sZr, 5, SN, O, solid solutions

SnO, : Sn* & Sn?t
Ce,:2Zr,:0 ;
0.5 0.5 —2 Oxidation catalyst at low temperature:

» Reduction behavior of Ce, ¢Sn,,0, and
Ce, 35N, /0O, by Sasikala in 2001

» Catalytic behavior of the CuO/Ce,Sn, O,
catalysts by Chen in 2006

Enhanced redox propert
and thermal stability

Sn** (0.077 nm)< Zr** (0.084 nm)
<Ce* (0.097 nm)

Phase separatio

Sn into CeO,-ZrO, solid solutions can improve the
redox property and thermal stability of the catalysts ?

o

Ce,:2Zr,:,5Sn,0, solid solutions
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RD Results
The optimum chemical composition
Fresh samples Calcined samples
® SN0, | (1000°C, 20 h) e sno, |
, o ¢ Cey54r355N0 150, WMMW
I N
A‘\ | | L r\l
AN A, Ce0, el _ J
20 3 40 50 60 70 20 30 40 50 60 70
CuKo. 26F° CuKa. 26/°
Ceys2Zr,,4Sn, ,0, was selected as Chemical Cell parameter
the compound with optimum composition a(nm)
CEEEEE chemical composition. CeO, 0.5413
CeysZry50, 0.5384
- , Cey 57 455Ny 40, 0.5374
i ) . . .
EDX —[‘Ey‘ Ce0.54V0.435M0.070; Cey oZro <5,y ,0, 0.5370

Qiang Dong, Shu Yin, Tsugio Sato et al. RSC Adv.DOI: 10.1039/c2ra21766j


プレゼンター
プレゼンテーションのノート
In the case of Ce0.5Zr0.35Sn0.15O2, SnO2 appeared as a second phase  after the calcination at 1000˚C for 20 h.



TEM Results

Fresh samples

- Cey52r50,

CeosZrgus
7 memrmme

/

SNng 050,  CegsZl 435N 070, €054 0.355M0.15

0O,

20nm | 2%E¥ 20 nm
: ?5 nm
Calcined samples 20-30nm
Ce_o.szro.soz Cey 521 0.455M0,050; Ceo.5o.438no.o7o_2 Cey5Z10359M0.1507




BET Results

280 -
260 -
240 -

140

100 CeO,
1119 m?/g

BET surface area (m°g™)
3

20 13 m2/g

Cey 52150,

Cey54r355N0150
CeysZrg 455N, 450, 0.54"0.35°110.15%2

261 m2/g 265 m?/g

Fresh samples
Ceg 5414350070,
246 m?/g

168 m?/g

Calcined samples

24 m?/g 23 m?/g

, 22 m?/g
8 m?/g Py Py

_——

The experiment results show the introduction of tin
lon enhances the thermal stability.
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OSC Results (H,)

TG profiles after measuring the OSC at 600°C for the fresh and
calcined samples, which show oxygen release/storage properties.

Fresh sample Calcined sample
Chemical OSsC E (% Chemical OSsC E (%
0 .. 0
composition (mmol-O g?) ( ) composition (mmol-O g?) ( )
CeO, 84 1.4 7] CeO, 13 0.2
Cey 5Zro 505 721 43.6 l Ceg 521 50, 449 26.5
Cey.5Zr0.435N0.0705 1425 61.3 Ceg 521 43SNg 0705 1067 45.6
CeO 1
'4_—ﬂ-il ‘Jr gl 0.0 - Ce02 NPV P G g
-6 0.4
o\\° CeysZr,50, <
7)) = = =
| A 084
E 5. 8 0.8
% Cey52r 4250050, '%_J 16,
-124 1
‘ | | 2,04 kﬂ,‘ k i
1 ' v ) 1 Ce54r0.425N0,030;
-14 T T T T T T T T T T T T -2.4 T T T T T T T T T T T T
50 75 100 125 150 175 200 50 75 100 125 150 175 200
Time/min Time/min




OSC (H,) performance stability of Ceqy sZrg 455N -0,

Oxygen release/storage properties (TG profiles after 118 cycles) of the at 600 °C.
0.0

- AAddde Adddddddddddddddniann ArdnArt A4 A1 A (]
4,%.-4.1'1»“" "4 addn
p A A “‘.’u, "4’ T
o rWT AH A
4
-

-0.8 -

Weight l0ss/%
N

_ h |

' | ' | ' | ' | ' | ' | ' | ' | ' |
400 800 1200 1600 2000 _ 2400 2800 3200 3600
Time/min
Qiang Dong, Shu Yin, Tsugio Sato et al. Chem. Lett. 2012. 41. 1250

Ce,:Zr 435N, 7O, shows good OSC performance
stability.




Ceg 52l 425N 050,7Y-Al,O5 catalysts

CeO,/y-Al,O5(C/A) CeysZr o s0,/7-AlLO5(CZIA) CeysZr o 43SNg 070,/7-Al,O5 (CZSIA)

ke G .. L

20nm

3

12-15 nm
(b) )

LB d = 0.305 nm

AAe

L

d = 084l

W ‘ ; e 4 (P
) i R "

d = 0.302ifm

<« | " '




Catalytic property — oxidation of CO

1004

. —e— (b)CZ/A
X801 —=—(c)Cczs/A
O 70-
U i
o 60-
o
S
0 40-
g ]
2 304
S 204
10-

CO conversion

Light-off temperature: The temperature
at which 50% conversion of the reactant
(CO) is attained.

CO Light-off temp.:
275°C(CZS/A) < 301°C(CZ/A) <
329°C(C/A)

Temperature (°C)

Qiang Dong, Shu Yin, Tsugio Sato et al.
Catal. Sci. Technol. DOI: 10.1039/C2CY20425H

CZS/A showed the lowest light-off temperature of 275 °C, indicating that
CZS/A was the most active catalyst compared to C/A and CZ/A.
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Mixed gas

Three-way catalytic property
Weight 60mg (including Pd/Al,O3)

250 ml/min, NO (500ppm), CO (5000ppm), C3He (400ppm), H,

(1000ppm), O, (5000ppm), CO, (14%), H,O (7%) , weak lean

Conversion (%)

100
90
80 -
70
60
50 -+
40
30 -
20

10 +

100

—@&— NOx conv
—@— (O conv
—@®— (C3H6 conv
- - NOx conv
- -2 = CO conv

- =2 - C3H6 conv

200 300 400 500
Temperature (oC)

prepared in our work

Dotted line ------ CeO,-Pd/AlL O,
used in motor corporation
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Synthesis of Ceq 521, 5., AlLO, solid solutions

» Abundant in the Earth's crust — cheap
» Cation radius of Al®* (0.059 nm) < Zr** (0.084 nm) and Ce** (0.097 nm)

Incorporation of Al®* into Ce-Zr
solid solutions

Cey 521 5xAlLO, solid solutions
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OSC results (CO) of calcined samples

2
CeO.Ser.SOZ

0.4+ =02, Ay10, g

) —Cey 2 A0,

c . 0.2 1 =02 A O,

TG profiles after measuring the . ——Ca, 2, M, 0,

OSC at 600°C for the calcined 007 O
samples, which show oxygen 021
' -0.4-

release/storage properties.

=3
S~
(92}
(72}
o
4
<
2.
=

1 e
0.6-
0.8 T
1.0
CeysAlg 501 75 124
CeysZro1Aly 0 75 100 125 150 175 200
o Time/ min
CegsZro,Alg50: g5
Ceg5Z2rg3Alp,0 4 = Max OSC
CeosZrg4Alg 10465
Ceg5£4r50;
CeO, Qiang Dong, Shu Yin, Tsugio Sato et al. Nanoscale. Res. Lett. in press

0 50 100 150 200 250 300 350 400 450
OSC /umol-O g™

The introduction of aluminium i1on also can enhance the OSC.
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" WXRD results (CZSn, CZCo, CZCa, CZMn)

Ceg5Zrp4Mng 10, o

jua W

WW - et

N
W

Ceg52r4Ca101 g

Ceg 42r55C00104 4

ﬂ ‘n Cey 42r,5C0,,0, 4 - cal

I
\
MAWMW MMMWWMU%M M VMWW -
Ceg52r.45N0101 9 1
Ceys2Zry 4Sng 10, 4- cal

Zro,
PDF # 89-9069 | ‘

Intensity (a.u.)
Intensity (a.u.)

‘ ' PDF # 89-0069 ‘

CeO, CeO
PDF # 65-5923 | ‘ | . A L DF # 65-5023 \ ‘ | :
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M
%ts at 600°C of ceria-based TWCs after calcination
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Ce 521050,
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OSC at 600°C after aging at 1000°C for 20 h
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60 ml ethylene glycol

l% 4.98 cobalt acetate tetrahydrate

mixed solution

A 4

Heating to 160 °C

D — 200ml 0.2 M Na,CO; ag.
solution

v

160 °C, 1h in N, flow

v

Filtration, washing and dryng under vacuum

450 °C, 4h in air

CepsLro50, CepsZrg4SNng 10,

v

Ball milling

Nanocor*nposite
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v-Al203/(Pd, Rh)/Ceq5Zr0.4SNn0.10> v-Al,O3/(Pd, Rh)/Ceq.4Zrg5C00.102.5
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condition:
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Ce, ,,2r,Ca 0,

O ZE

(NH,),Ce(NO,)s 15 mmol + A FHEEET JLa=7 L x mol
+ B DL Ly mol + K 60ml + ZEZ=77K 1.5ml

TORDMRIZEHETX, y DIEZRDT-=, Ce
Ce Zr Ca
) 05 0.4 0.1
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©) 05 0.2 0.3
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RISSEE( 1 mol-0 g 's™'(0,)) 21 14
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Ce,,Ca, 0,
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Conversion (%)
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Ce, . ,Zr,Mn 0O,

— —

OFE

(NH,),Ce(NO,)s 15 mmol + iEEEEE{EL JLa="2 L x mol
+18t<> 4> y mol + K 60ml + 7EZ7 K 5ml

TORDMEEIZEHETX,y DEZFRDTI-, Ce
Ce Zr Mn
0) 0.5 0.4 0.1
® 0.5 0.3 0.2
©) 0.5 0.2 0.3
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® 0.45 0.45 0.1
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DCeq 5Zr; 4Mng 1O,

BERKET| BERKTE
0SC( mol-0 g '(COY) 808 388
0OSC( ¢ mol-0 g '(0,)) 763 359
RIGEE (U mol-0 g 's'(COY) 1.7 0.2
RISEEE( 1 mol-0 g's7'(0,)) 9.1 7.5

A
M WW
g i _ERE
| |
10 30 50 70
200" )
@Ceq5Zr43Mng ,0,
A
W MWWWM
g i
|
el L LI NOURPRPINPY |V N
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Lt FREE (BERCHT) =173 m3/g

BERKEI| BERk %
0SC(u mol-0 g '(CO)) 1024 680
OSC(u mol-0 g '(0,)) 946 623
RISEE(umol-0 g's'(CO)) 2.1 0.94
RISEE( 1 mol-0 g's(0,)) 105| 182

LE SR EE (BERLET) =164 m2/g
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0SC(u mol-0 g '(COY) 1159 955
OSC( 1t mol-0 g '(0,)) 1052 839
RISEE (1 mol-0 g 's'(CO)) 2.4 1.6
RISEE( 1 mol-0 g 's'(0,)) 125 14.0

Lt R mEFE (BERCAT) =161 m2/g

0SC(4 mol-0 g '(CO)) 1280 1309
0SC( ¢ mol-0 g7'(0,)) 1201 1162
RiEE (4 mol-0 g 's”'(CO)) 2.7 2.2
REE( 1 mol-0 g's (0,)) 26.7 27.7

tb R E1R (BERLEI) =168 m?/g
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RISEE (1 mol-0 g 's (COY) 1.2 0.2
RISEE( 1 mol-0 g 's'(0,)) 11.7 13.3

Lt FRmEFE (BERKRT) =142 m2/g

OSC(u mol-0 g '(CO)) 729 407
0SC( ¢ mol-0 g '(0,)) 758 390
RISEE (1 mol-0 g 's'(CO)) 2.4 0.19
RIS EEE( ¢ mol-0 g 's'(0,)) 21.1 7.2

tb SR EIR (BERCET) =154 m?/g
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OSC( 1 mol-0 g'(0,)) 977 774
RIESERE(u mol-0 g's'(CO)) 1.75 0.44
R E( U mol-0 g 's7'(0,)) 23.3 12.9

Lt FRmEFE (BERKRT) =162 m2/g

BERKAT|  BERKTER
0SC( mol-0 g (COY) 1153 1079
0SC(u mol-0 g'(0,)) 1100 909
Rt EE (1 mol-0 g”'s (CO)) 2.1 2.0
RIGEE(Umol-0 g 's'(0,) 26.2 18.9

tb SR ETR (BERCET) =171 m?/g
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Intensity(a.u.)

B ) BERRET| BERER
ST, ™ SYRTRIY L W) VR 0SC( 1 mol-0 g '(CO)) 1367 1360
OSC( 1 mol-0 g7'(0,)) 1297 | 1272
RISIEE( U mol-0 g 's'(CO)) 3.3 2.3
wma | | RGEE(U mol-0 g7's™'(0,) 144 | 163
R
e row———" H B (HERCAT) =168 mP/g
10 3|0 5I0 ?IO
20( )

MnNnEMNEZ BIZLE=AA>TOSCIFE ML TLY- 1=,
(I EST-DIFDDHEBEDED)

70



"MnZER—T 9 5ZEICKYOSCERIRICIEMESESHIEMNTET -,

-MnEMNIEZ B(ZLE=-A>TOoSClTEmLmEEEm ELT-
(BERLZEHOSCHIETMEDHNLLY),

- 'J@Eﬁtﬁﬁli?‘%ﬁ%@t"—?b‘“ﬁ Bhfih‘ﬁf:ﬂ‘/j)l/%ﬁm’z&(:
BIL TIEZrO,">MnO,DE—UH RN TL =,
ST DFEICIYEDXIZE AN EE SN TSAEL

Ce. MNOADFARKD LD THLOSC., RIGIEELLIZERICE
LME &L S T=,

71



Ce,; ., Mn O,

O E

(NH,),Ce(NO,); 15 mmol+ i&{E< 27> x mol
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RISEE( 1 mol-0 g's'(0,)) 49.9 28.8
tesR iR (BERCAT) =173 m2/g
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0SC(x mol-0 g '(CO)) 2225 2311
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te R EFE (BERET) =164 m2/g
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EXPERIMENT

Hydrothermal synthesis of La, 4Sr, ;N1O; o and La; 4Sr, ;C00; 4

60 ml distilled water

A

La(NO,),.6H,0

A

Sr(NO,),

A

Ni(NO,),.6H,0
Co(NO,),.6H,0

A 4

Add NH; solution

Comp. La* Sr2+ Ni2* (Co?*) | pH
La, ¢Sry;NiOs4; | 0.19M [ 0.056M | 0.IM 9
La, ¢Srp,C005 45 | 0.19M | 0.01M 0.1M 9.1

Hydrothermal oven at 200°C in 15h.

Dry (100°C, 12h)

\ 4

Characterization XRD, SEM, TEM, OSC, BET

A 4

Calcination (1000°C, 20h)

A
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XRD results
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Fig.3. SEM images of La, ¢Sr,;NiO; s (8,b) and La, 4Sr, ;C00; 4 (c,d) before calcination

OSC results at 600°C of compounds before calcination
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OSC-rate results at 600°C of compounds before calcination
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XRD of calcined samples (1000°C, 20h)
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XRD of calcined samples (1000°C, 20h)
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Improvement of OSC of CeO, by the morphology control

(111) plane (100) plane

Surface energy of CeO, :
v{111} < y{100} < y{110}
O, evolution energy:
E, {100} < E, {111}, E, 4{110}

Morphology control of ceria by solvothermal reactions
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CO oxidation catalytic activity of CeO,

a: Flower-like CeO,

b: Au impregnated flower-like CeO,
(as-prepared)

c: Au impregnated flower-like CeO,
(Reused)

d: Irregular shaped CeO,

e: Au impregnated Irregular shaped CeO,

L. Zhong et al., Chem. Mater., 19, 1648 (2007).

Flower like CeO,
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Excellent CO oxidation
catalytic performance
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プレゼンター
プレゼンテーションのノート
実験については2つのプロセスで行いました。
1つ目のプロセスはCe(NO3)3と沈殿剤を混合し一定温度で一定時間エージングを行います。その後、瓶に移し密封し一定温度で2h反応させます。反応後吸引濾過により沈殿を回収し、蒸留水とエタノールにより洗浄し、その後乾燥させました。乾燥後、400℃で1h焼成を行いました。
2つ目のプロセスでは、Ce(NO3)3水溶液に、NaHCO3水溶液を攪拌しながら混合し、溶液が安定するまで混合しました。安定したのち、25℃で1日静置しました。その後、一つ目のプロセスと同様、吸引濾過により沈殿を回収し、蒸留水とエタノールにより洗浄し、その後乾燥させました。乾燥後、400℃で1h焼成を行いました。また、生成物の特性を評価しました。


Effect of aging temperature

CeCl;(18.7%) :197.79g, 0.15mol
NaHCO, :54.69, 0.65mol
Water :1200g
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