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Highly Thermal-resistant Three-way Catalyst
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Abstract

Thermal resistant automotive (three way) catalysts were
developed with particular attention to oxide materials such
as supports and promoters.

Various analytical techniques were used to the study of
the catalytic materials subjected to durability tests. The study
revealed dominant causes for the catalyst degradation under
high temperatures, such as sintering of precious metals,
surface area reduction of supports and deactivation of

promoters. Modification of alumina with small amount of

rare earths resulted in large improvement of thermal
stability of catalyst support. The study of promoters
revealed that complex oxides in cerium-zirconium—
lanthanum systems was useful in providing excellent
oxygen storage components in three way catalysts.
Catalyst design concept is described for the development
of catalysts suitable for operations under thermally severe

conditions at above 9000 .
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Tablel Characterization of three way catalysts subjected to durability tests.

Durability condition
Temperature ( C )
Aging period (h)

750
50

800
50

850
50

900
50

950
50

950
250

Tsox for NO«( 'C)

Remaining fraction of surface
area of support (% )

Particle size of precious
metals ( nm )

Particle size of ceria ( nm)

249
73

4.5

6.5

250
74

265
52

262
59

264
52

282
41

53 88 93 102 168

75 85 99 12.1 150
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Fig.4  Transmission electron microscopic observation of
alumina powders with high surface area. The black bars
indicate a length of 50 nm.
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sintering of y— Al,O; at 10000 . ¢ is time (second), S
and S are specific surface area at t and r = 0,

respectively.
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Fig.6  Surface area of alumina support subjected to heat

treatment at various temperatures for 5 hours.
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Table2 Phase formed in Ce©ZrO—La,0;system.

(a) Ce0,-Zr0, system ((Ce,_Zr,) O;)

X Phase Lattice constant | Crystallite size | Surface area
(nm) (nm) (m*/g)
0 CeO2 0.5412 110 29
0.1 CeO2s.s. 0.5391 22 9.1
0.15 | CeOzs.s. 0.5385 16 -
02 | CeO:sas. 0.5379 12 9.5
0.25 | CeOzss. 0.5381 11 -
03 | CeOzss. +Ci 0.5381 9 12.5
04 | CeOzss.+Ci - - -
ss.:solid solution, C,:cubic fluorite-type oxide
(b)Ce0,-La,0; system ((Ce,_,La )0, ,p)
X Phase Lattice constant | Crystallite size | Surface area
(nm) (nm) (m’/g)
0 CeO2 0.5412 110 2.9
0.05 | CeOasus. 0.5418 44 -
0.1 CeOns.s. 0.5432 19 8.2
0.15 | CeOzs.s. 0.5450 13 -
0.2 CeOzs.s. + C2 0.5450 13 -
03 CeOzs.s. + C2 - - -
0.5 CeO2s.5.+ C2 - - -

0000000 R&D O OO OOVol 27 No. 3(1992.9)

ss.:solid solution, Cy:cubic fluorite-type oxide



O CeO,0 Ceyglay 0, o500 Cey gZr,,0,0 OO0 OO OO0
ooboooo
CeO, 0 CeygLag 0,950 CeygZry,0,
O0000O0000000000o00010000000
OO0oo0000O000Ce-La000Ce-Z 0000
OOO00oDO0O0DO000O000000OOooDceeo,00
O0000000000000000Ce0,0 CeyZry,0,
O00oo0o00oo0o0ooo0orc0000O0OOO0OOOD0OO
coooodonoooooOdnOrig.120 000 CeO,0
0000000000000 CegZr,,0,0 000000
oOooooooooOooooDOboO0oOon0o0n0nceo,
O0o000o0oooooOoooooooo
oooooO0oooOooooooooooooooo
ocoooooooooOO0O0OO0ORMOOOOOOO0O0O0

+*

N,  COM,

66

.o (a)

20 (deg)

o ®
65 S e

Time X
tOmin

Fig.10 Variation of diffraction angle 26 of (311) diffraction
lines for (a)CeO, and (b)CegLa,,0,,. Flowing gas of
N, was changed to 8% CO/N, at 7000 .

100
oo @
—~ 0@ DDD
> o
N o Og
= D
2% o
g I o] o
g o o
153 a} o o
&)
[u] o 00g
o Qe %ee ©
0 o a® @ Ll T3
0 200 400 600 1234567
Temperature (C) Pulse number
at 600C

Fig.11 The oxidation conversion of CO pulsed for CeO, (o ),
CegoLag 05 (0 ) and CeygZr;,0, (O).

51

0O0Fig.13000000CoONOD 0000000
00000000000000000POCO0000
00000000000000000000000
000D0000000000000000P000
0000000000C0,000000000000
Ce0,Zr0,00000000000000D00000
0000000000000000000000000
Ce0,02r0,0 000000000Ce0,000000

100
. ..’ ® o
= ala ]
E [ a )
N a A [ 1Y
c a
g 30 .,
§ .A A
5 “aa
@] &A FaVaN
0 «®
0 200 400 600 1234567

Pulse number

Temperature (C)
at 600C
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