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Abstract

Recently the use of Pd catalyst have been continued to expand because of cost, availability and
performance advantages. Especially the Pd+Rh catalyst instead of the Pt+Rh catalyst had been
used for most of three way catalysts because of the more stringent emission standards and its
higher temperature effectiveness.

The main purpose of this study is to investigate the design parameter impacts on the Pd+Rh cat-
alyst for the automotive exhaust catalysts application. This study was investigated on the catalyst
efficiency for the volume and the precious metal loading of the Pd+Rh ceramic monolithic cata-
lyst. And experiments concerning the effects of volume and precious metal loading on Pd+Rh
three way catalysts were conducted to examine the catalyst light-off temperature and average con-
version efficiency using a engine dynamometer. The effects on light-off temperature and conver-
sion efficiency on higher volume demonstrated almost similar performance. But their effects on

higher precious metal loading demonstrated considerably better performance.
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Fig.1 Schematic diagram of aging test system by
engine dynamometer

Table 1 Aging test system description by engine
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Fig. 2 Schematic diagram of catalyst performance
test system

Table 2 Catalyst performance test system descrip-

Converter{Pd+Rh)

dynamometer
Equipment Description
1 | Control Desk . - Software(PUMA3)
- Dynamometer Controlier
i - Type : AC, - Capacity : 190 kW
2 | Dynamometer i - Max. Speed:7000 rpm
3| Engine |- V63.0/ SOHC
- IC 5460, IC 5160
4 ICI - Control Engine Injection Fuel
and Catalyst Inlet Air Flow Rate
+ ICI Controller
5 PC - Input ICI System Parameters
to ICI
- MEXA 1014
6 A-Meter - Display A/F Ratio of Exhaust
i | gas from Engine
7 Catalyst l Three Way Catalytic
|
I
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A3 H7g Pd+Rh 202 A, A& S
B2 2tz A zsted A3 A 6400 km 2
80000 kmol] NP3t A2 Hg 2 HREALA 9
3.0l AAAe] 671 % 7F&EA7N B o] &3 27)
o] Zujjol ¥l71 & TYHA Huldle I3t
olm 71 &-& 30% 7ol AH ANAAAN JlBAFL
o fL9 22E 80CE SAgon, o714

tion
Equipment Description
1 | Control Desk |- Software(PUMA3)
- Dynamometer Controler
2 | Dynamometer |- Type: EC, - Capacity: 160 kW,
- Max. Speed: 7,000 rpm,
3 Engine - 1-4 2.0/ DOHC
- IC 5460
4 IC1 - Control Engine Injection Fuel
- A/F Ratio, Frequencg, Test Time
- ICI Controler
5 PC - Input ICI System Parameters to
ICI
i+ MEXA 1014
6 A-Meter - Display A/F Ratio of Exhaust gas
from Engine
! - Three Way Catalytic Converter
7 ¢+ Catal
atalyst (Pd+Rh)
- Analyzer and Print Catalyst
8 CEDAS Conversion Efficiency from Gas
Analyzer Data
9 |HeatExchanger - Control Inlet Temperature of
Catalyst
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Table 3 Operating condition of aging test by egine
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St wiz]e] FEEE 40000~50000 hr (A
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dynamometer
ol DN P ohe) 2 ALl thated 7]
S Step 1 Step 2 BEYAS) AR E gl ARaAT.
RPM 3,200 3,200 Table 4= APl AH§¥ ZojAtkS Yepd R ol
Load 28% 28% .
Catalyst Temp | Inlet 600+10TC 580+10TC Table 5% 2} Zujjol] o3+ &84 A #(T50)2
Bed | 700+10T | S0TWOT | s gEyEeel 49 AHE Yen Aok A
. , . frg " 123 28U PN T500] & vj7) 2} 50%7F 3 3] &
A/F(Air Fuel Ratio) 145+0.1 16f19t~};’s7t..0 e5olu o] XS Yol AH Eujst A S v
r— = e sech A ARelE 2R L e
Torque 804 Nm 844 Nm 1.010~0.9902) " 9 & #2|3kA .
Inmani. Pressure 0.4933~0.5066 bar Table 59} Fig. 3~6el| A et wpst 2o} A 2
A A %52 CC35/2.00>CC35/1.8>CC25/1.81>
Table 4 Specification of catalyst sample
Aging Catalyst Precious Metal Catalyst Volume
Ratio Loading Volume Size(mm)
CC35/2.0 Pd:Rh=5:1 3.5/ 2.0 84 148x 96
4hr CC35/1.81 ” 3.5l 1.8( 84 x148x86.5
CC25/2.0! ” 2.5 g/l 2.0 84%148% 96
CC25/1.8! ” 2.5 g/l 1.8 84x 148 x86.5
50hr 5 CC35/ 1.81 ” 3.5¢g/l 1.8/ 84x148x86.5
‘ CC25/ 2.0 " 2.5 g/l 2.0( 84x148x96

Note) Catalyst Cell Density : 64 cells/cm?

(392)



Pd+Rh A0 ZT A ZopA A 2 A3

&Fo] el v VX E 9% 119

Table 5 Light-off performance(T50) and average conversion efficiency for Pd+Rh catalysts

. Light-off Test (T50) () Average Conversion Efficiency (%)
Aging Catalyst ‘
HC CcO | NOx ‘ HC ! CO NOx
CC35/ 2.0 261.1 260.8 { 259.0 99.7 97.7 94.1
4hr CC35/1.81 268.0 267.5 266.1 99.6 97.1 94.4
CC25/ 2.0 294.2 295.5 293.0 99.2 98.1 93.8
CC25/1.8! 287.0 289.8 284.9 99.2 96.7 93.6
50h CC35/ 1.8 302.2 300.8 296.9 ‘I 99.7 | 96.2 96.6
r T
CC25/ 2.0 322.2 324.5 321.7 | 99.1 I 96.3 | 95.4
100
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Fig. 3. Light-off performance for HC, CO, Nox
between volume and precious metal loading
in 4hr aging Pd/Rh catalysts at 50% conver-
sion efficiency.
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Fig. 4. Light-off performance between volume and
precious metal loading in 4hr aging Pd/Rh
catalysts on HC emissions

CC25/2.00 &X 2 FA=EAZ, 71 d& A%
HerE 259~261C R0l eH 713 B2 A
LHNLTE 203~296TC BT GUsA &
=7t d%sta et

AESeko] dAT e ZojMAo o E
7] A2 ES B CC25 oA A& &
1.8 ol A 2.0l ZAIZ A% zF v 7)ol & A&
L5 E 5.7~8.1TC Eol A1, CC35 FHof ol A

ONNNNNNNNNNQQQQQQQQ
SoB885%883888:5388883
Temperature (C)
Fig. 5. Light-off performance between volume and
precious metal loading in 4hr aging Pd/Rh
catalysts on CO emissions
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Fig. 6. Light-off performance between volume and
precious metal loading in 4hr aging Pd/Rh
catalysts on NOx emissions
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Fig. 7. Light-off performance between 4hr and 50hr
aging for HC, CO, NOx in Pd/Rh catalysts at
50% conversion efficiency
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Fig. 8. Light-off performance between 4hr and 50hr
aging in Pd/Rh catalysts on HC emissions
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Fig. 9. Light-off performance effects between 4hr
and 50hr aging in Pd/Rh catalysts on CO

emissions
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Fig. 10. Light-off performance effects between 4hr
and 50hr aging in Pd/Rh catalysts on NOx
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Fig. 11. Average conversion efficiency for HC, CO,
NOx between volume and precious metal
loading in 4hr aging Pd/Rh catalysts dur-
ing lambda range from 0.990 to 1.010
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Fig. 12. Conversion efficiency between volume and
precious metal loading in 4hr aging Pd/Rh
catalysts on HC emissions
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Fig. 13. Conversion efficiency between volume and
precious metal loading in 4hr aging Pd/Rh
catalysts on CO emissions

100 p—u-=p-

20
—e— C(C35/2.0¢/4hr
—s— CC35/1.82/4hs
80

- CC25/2.08/4hr 2\
—w— CC25/1.8¢/4hr !
|

Etficiency (%)

70
0.99 0.985 1 1.006 .01
Air excess factor

Fig. 14. Conversion efficiency between volume and
precious metal loading in 4hr aging Pd/Rh
catalysts on HC emissions
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Fig. 15. Average conversion efficiency effects
between 4hr and 50hr aging for HC, CO,
NOx in Pd/Rh catalysts during lambda
range from 0.990 to 1.010

P ]

987/

—=— CC35/1.8¢/4hr

Efficiency(%)

87 - CC25/2.00/40r [ ]
—~x— CC36/1.81/50hr | |
96 —e— CC25/2.08/50hr
96 L
0.99 0.995 1 1.006 1.01

Air excess factor
Fig. 16. Conversion efficiency between 4hr and
50hr aging in Pd/Rh catalysts on HC emis-
sions
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Fig. 17. Conversion efficiency between 4hr and
50hr aging in Pd/Rh catalysts on CO emis-
sions
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Fig. 18. Conversion efficiency between 4hr and
50hr aging in Pd/Rh catalysts on NOx emis-
sions
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