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Ceria and Automotive Catalyst

Masakuni Ozawa

CRL, Nagoya Institute of Technology, Tajimi, 507-0071, Japan
Phone 81-572-27-6811, FAX 81-572-27-6812, email ozawa@crl.nitech.ac.jp

This article focuses on the role of cerium oxidelI ceria, CeO.[] and the mixed oxide of cria-zirconia system, which are

important as an excellent promoter for oxygen storage capacity in automotive three way catalyst, for readers in ceramic engi-
neering field. Automotive three way catalyst systemd TWCO is generally operating under the condition of the certain range
in air-fuel ratiod A/F0 Most automotive catalysts consist of precious metals such as Pt, Rh and Pd, promoters and transition-
alumina support. CeO: can provide oxygen for oxidizing CO and HC under rich A/F condition, and remove it from exhaust
gas phase for reducing NOx under lean A/F. For the highest purifying activity, the action that Ce* in CeQ: lattice easily
changes to Ce* is useful. Its nonstoichiometrical behavior in the state of crystalline fluorite-type oxide is essential for this cat-
alytic operation. The practical use of automotive catalyst under harsh condition has required better durability performance of
catalysts for advanced engine systems, which are matched in various kinds of new version automobiles. Ceria-zirconia sys-
tem, which was first developed by Ozawa and coworkers in 1980's, has been still important composition in recent automotive
catalysts. Here, it is described that alumina-supported ceria is affected by the addition of zirconia regarding with specific sur-
face area stability. Newly, the fractal sintering of zirconia based powders has been investigated by neutron scattering tech-
nigues in order to describe powder-state sintering in a catalyst. This is a short review on the role of the ceria mixed oxides

and possibility of ceria-related technology for future ceramic science.
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Surface Properties of Particle and Adhesion Force between Particles

Masayoshi FUJI and Minoru TAKAHASHI

Ceramics Research Laboratory, Nagoya Institute of Technology
Asahigaoka 10-6-19, Tajimi 507-0071 Japan

Powders are frequently used in material processing such as fabrication of ceramics. For the control of dispersibility and
cohesion, it is indispensable to understand the adhesion force between particles. The adhesion force is influenced by the

environmental factors to which the powder is exposed and the properties of the particles. In handing powder, the surface
changes caused by humidity are especially important. In this paper, the influence of humidity and the physico-chemical prop-
erties of particle surfaces on the adhesion between particles were reviewed.
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Fig 1. Conceptual classification of surface structure.0J all smooth
surface on molecular level,00 b0 surface with roughness on
molecular level,( cO surface with micropore.OJ d[J surface
with mesopore.
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Oxygen atoms in lattice are not shown.

es0 000000 obObOoooobobbooooooboog
goooooobobobobooobooboobooo
gboboooooobooboboooo
goboooobooobooboobooboobobo
goooboooboobobobooobooboobooboo
gooobooobooboooobooboobooo
goooobooobooboooobooboobooo
goooooobobobobooobooboobooo
gboooboooboobobooobooboobooboo
O0OO0OO0OFg @aO0OOO0OOOOOOODODODODODODOO
O0O0oDO0O000OFg. @bODO0OOOOOODODOOO
gooobooobooboooobooboobooo
goooobooobooboooobooboobooo
goooooobobobobooobooboobooo
gboooboooboobobooobooboobooboo
goooboooboobobobooobooboobooboo
goooboooboobobobooobooboobooboo
gbobobooooooboobooboooo

0110

— 0.2
NE e
08
a8
JE
Eos |- ®
ko] L=
g |3
204 -5
g <
-og' 0
gO.Z
<
0 o Lt
0 0.2 0.4 0.6 0.8 1
Relative pressure (P/Po)
12
T 2
P10} o
3 ©
o 2
3 o
o 8 -
s |8
el
o
5 | £
3 4}
= 0 ] 1
+ 0 02 04 06 08
3 2 P/Po
£
<
0

0.2 04 0.6 0.8 1
Relative pressure (P/Po)

Fig 4. Adsorption isotherms of water molecule on non-porous sili-
ca particle.
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Activities on Re-circulation of Discharged Porcelain Wares at MINOYAKI District
0 MINOLI Re-Tablewarel] and Green Life 21 Project—

Minoru Ichidate® O Zenichi Hasegawa" " [ Seji Kato"“" 0 Koji Kato"® [
Takashi Watanabe” """ Tadashi Shimada”” 0 The Green Life 21 Project” ]

Uthe Ceramics Research Laboratory Nagoya Institute of Technology
DO Gifu Prefectural Institute for Ceramics Research and Technology
UOUYAMAKA Clay Materials Company
PO000Toki Municipal Institute of Ceramics
“ The Green Life 21 Project is organized by local industries, research institutes and scholars.

One of the measures for waste and recycling stipulated in the Basic Environment Plan of Japan is recycle the collected
used items into raw materials.
The GL21 project at MINOYAKI district is developing re-circulation system of discharged porcelain wares ,which are made
into new tableware.
This article is reported on the activities of GL21 project;
10 The amounts of products of porcelain tableware in Japan are about 200,000 ton/year and at present most of discharged
wares are filled in land.
20 The property such as the density and bending strength of fired body added 20mass% and 30 mass % crushed discharged
wares are not difference with that of conventional ones.
30 It is recognized that the CO: consumption for the discharged porcelain system including transportation, collection , repro-
duction are almost same with that of the system using raw materials by the LCA calculation.
40 The design concept of MINODORe-tablewarel is based on such as "warm and beauty”, "design for daily useful tableware"
and "safety for human life".
That tableware was award on the Ecology-Design Prize of Good Design Award 2001 in Japan Industry Design Promotion
Organization
50 These activities will be able to encourage to recycle the discharged wares into porcelain industry and to help to enlarge
the business opportunities of local. industries.
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Permittivity-Temperature Characteristic of Graded
PMT-PT Ferroelectric Ceramics

Shintaro YAGIO Kazuya MATSUIO Norifumi NAKATANIC Mamoru MIZUTANIC Toshitaka OTA

Ceramics Research Laboratory, Nagoya | nstitute of Technology
10-6-29, Asahigaoka, T&jimi, Gifu 507-0071, Japan

Functionally graded PR Mgy,3Tay3[03-PbTiO5 ceramics, which had a continuously varying graded composition from one sur-
face toward the other of the specimen in a material, were examined with respect to their dielectric property. Specimens were pre-
pared by sintering superposed layers of green compact of (0 1-xOPMT-XPT solid solutions with different values of x. The non
gradedd 1-xCPMT-xPT ceramics showed the maximum relative permittivity at the Curie temperature. The Curie temperature
shifted to higher temperature with increasing x. On the other hand, the profile of relative permittivity(l € O vstemperatured TO
broadened in the case of the graded] 1-x[CIPMT-xPT ceramics. The profile became flatter by varying volumerétio of layers. The
relative permittivity was 5500+10% at the temperature range from -55 0 to 125 O . In addition, when Cr,O5; was added asasin-
tering agent, the densification and grain growth were promoted.
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Analysis of Preferred Orientation in Polycrystalline Thin Films
Using Rocking Curve Measurement

H. Toraya'[ H. Hibino™d T. Ida" and N. Kuwano ™

*Ceramics Research Laboratory, Nagoya | nstitute of Technology,
Asahigaoka, Tajimi 507-0071, Japan
** Advanced Science and Technology Center for Cooperative Research, Kyushu University, Kasuga, Fukuoka 816-8580, Japan

O A quantitative basis for the rocking curve measurement of the preferred orientation in polycrystalline thin films is presented.
The preferred orientation distribution, represented by the Gaussian distribution functions, is determined by the |east-squares fit of
a theoretical rocking curve to the observed curve, and a volume fraction of crystallites, whose normals to the crystal plane are
present within a semi-vertical angle, can be obtained from it. A depth-dependent preferred orientation distribution in the AIN
thin film was revealed by using double-layer and multiple-layer models. The preferred orientation of very small degree in Au

thin films could also be measured.
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