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Abstract — We investigated effects of the precious metal and CeO, loading on the performance of Pd-Rh-CeO, based
monolithic three-way catalysts. To explore the impact of aging, hydrothermal aging was also conducted at 1050 °C for 30 h.
Under stoichiometric condition (A = 1.00), the performance with simulated automotive exhaust at 100-500 °C revealed
that increase in CeO, loading enhanced the NO and C;Hg removal. In contrast, under rich and lean conditions (A = 0.99
and 1.01, respectively), the overall performance was more strongly governed by precious metal loading than by CeO,
loading. In particular, excessive CeO, loading tended to suppress C;Hg oxidation under conditions where NO, formation
or steam reforming was not favored, although the effect depended on PGM loading and A/F ratio. Simultaneously, N,O
was more formed under NO reduction with lower CeO; loading, but NH3; was more formed at higher CeO, loading.
Finally, after hydrothermal aging treatment, the deactivation of catalysts significantly occurred with increasing CeO,
loading, and the aging performance appeared similar regardless of the CeO, content.
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Table 1. Composition of three-way catalysts (TWCs)

Sample PGM loading PGM molarratio  CeO, loading
name* (g/L) Pd Rh (g/L)

HH 9 25 1 53

LH 2 14 1 53

HL 9 25 1 34

LL 2 14 1 23

*The sample names indicate relative PGM and CeO, loadings: HH = high
PGM/high CeO,, LH = low PGM/high CeO,, HL = high PGM/low CeO,,
and LL = low PGM/low CeO,
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Table 2. Simulated exhaust gas composition as a function of A/F ratio
at GHSV = 150,000 h™*

A (A/F ratio)

Gas Species Unit Rich Stoichiometric Lean
0.99 1.00 1.01
CO, % 13.9 13.9 13.9

H,O % 10 10 10
NO ppm 1000 1000 1000
CsHg C; ppm 1332 1332 1332
C;Hg C| ppm 333 333 333
(6(0] ppm 7200 6000 4200
H, ppm 2400 2000 1400
0O, ppm 5000 6000 7000
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Fig. 1. Light-off curves for conversions of (a) NO, (b) CO, (c) C;Hg and (d) C3Hg over HH, HL, LH, LL. TWCs under stoichiometric condi-
tion (A =1.00). Simulated exhaust gas: 6,000 ppm CO, 2,000 ppm H;, 6,000 ppm O, 13.9% CO,, 10% H,0, 1,000 ppm NO, 444 ppm

C3Hg, 111 ppm C3Hg with N, balance.
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Fig. 2. Light-off curves for conversions of (a) NO, (b) CO, (¢) CsHs and (d) C3Hg over HH, HL, LH, LL TWCs under rich condition (A =
0.99). Simulated exhaust gas: 7,200 ppm CO, 2,400 ppm H, 5,000 ppm O,, 13.9% CO;, 10% H,O0, 1,000 ppm NO, 444 ppm C;Hg, 111

ppm C;Hg with N, balance.
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Table 3. Tyy values of NO, CO, C3Hg, and C3Hg conversion over fresh TWCs under rich, stoichiometric, and lean conditions (corresponding to

Fig. 1-3)
A (A/F ratio) Sample NO T()() (OC) CO Tgo (OC) C3H6 Tgo (OC) C3Hg T90 (OC)
HH 252 297 323 388
0.99 LH 297 369 301 409
HL 247 250 278 313
LL 376 415 386 414
HH 222 207 230 276
1.00 LH 267 230 245 297
HL 350 219 341 358
LL 360 213 350 364
HH *n.d. 200 237 451
101 LH n.d. 221 288 n.d.
HL n.d. 174 350 397
LL n.d. 216 408 481

*n.d. = not determined; 90% conversion was not reached within the measured temperature range.
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Fig. 3. Light-off curves for conversions of (a) NO, (b) CO, (¢) C3Hg and (d) C;Hs over HH, HL, LH, LL. TWCs under lean condition
(A =1.01). Simulated exhaust gas: 4,200 ppm CO, 1,400 ppm H,, 7,000 ppm O,, 13.9% CO;, 10% H;0, 1,000 ppm NO, 444 ppm C;Hg,

111 ppm C;Hg with N, balance.
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Fig. 4. Formation of (a—c) N,O and (d—f) NH3 over HH, HL, LH, LL under stoichiometric, rich, and lean conditions.
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