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Abstract

Pt-V catalytic converter was installed on a heavy duty diesel engine and the characteristics of the emission
reduction were tested using a engine dynamometer at various operating conditions. The emission reduction
performance of Pt—V catalyst was also compared with that of a commercialized Pt catalyst currently being used in
some of the heavy duty diesel engines in advanced countries.

The effects of Pt-V and Pt catalysts on regulated and unregulated emissions were investigated using a 0.05
weight percent sulfur content fuel with an engine dynamometer. Experiments for gaseous emissions (CO, HC and
aldehyde) as well as particulate emissions (TPM, SOF and sulfate) have been conducted at several operating
conditions such as T-7 mode, D-13 mode and S-13 mode before and after installing the Pt—V and Pt catalysts in
the exhaust system.

The emission reduction performance of Pt catalyst with respect to CO, HC, SOF, PAHs and aldehyde was found
to be a little higher than that of Pt—V catalyst, but the Pt catalyst showed innate disadvantage of causing an increase
of PM due to the sulfate formation via high SO conversion at high exhaust temperature. especially above 450°C.

Key words : diesel emission, diesel oxidation catalyst (DOC). unregulated emission
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Table 1. Specification of catalytic converter.

Items Pt Pt-V
Monolith substrate %;Tg};g %;r?;gr})g
Dimension (mm) 229 x 152 229 % 152
Cell density (cell/in?) 400 400
Wall thickness (mm) 0.165 0.165
Catalyst Pt Pt-V
Wash ceat ALO; Ti-Si
Pt loading (g/D) 1.41 0.60
V loading (g/l) 0 1.48
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Fig. 1. Schematic diagram of gaseous and particulate
matter sampling system.
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Table 2. Exhaust temperature for D-13 mode and $S-13 mode.

D-13 mode S-13 mode
M Engine Load Weight Exaust Mode Engine Load Weight Exaust
ode N - i .
speed rate factor temp. speed rate factor temp.
1 Idling 0 0.08 93 ! Idling 0 0.221 89
2 60% 10 0.08 156 2 40% 25 0.015 156
3 60% 25 0.08 201 3 40% 10 0.075 140
4 60% 50 0.08 273 4 60% 100 0.039 517
5 60% 75 0.08 413 5 60% 75 0.028 465
6 60% 100 0.25 586 6 60% 50 0.023 345
7 Idling 0 0.08 273 7 Idling 0 0.200 184
8 100% 100 0.1 649 8 80% 100 0.047 603
9 100% 75 0.02 568 9 80% 25 0.040 557
10 100% 50 0.02 445 10 80% 50 0.023 421
11 100% 25 0.02 339 11 80% 25 0.027 311
12 100% 10 0.02 261 12 100% 100 0.065 663
13 Idling 0 0.08 151 13 Idling 0 0.200 273
Table 3. Operating condition of engine by T-7 mode. ¥ &A3} wi7] &2 % & 3o vehfigl

Mode Y 'of max. Load rate Exhaustogus
engine speed (%) temp. (°C)
T-1 40 10 137
T-2 60 25 210
T-3 60 50 300
T-4 80 50 370
T-5 60 75 450
T-6 80 75 500
T-7 60 100 600
3 g5 54
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Fig. 2. Conversion rate of CO and HC by catalysts
in engine operating conditions by T-7 mode.
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Fig. 3. Conversion rate of particulate matter, SOF
and sulfate by catalysts at T-7 mode.
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Table 4. Effect of DOC on PAHs emission in parti-

culate. (unit : ng/Nm?*)
Engine operating condition
PAHs DOC g
T-2 T-3 T-5

Base 192 165 171

Flu Pt-V 67 91 154
Conv.% 65 45 10

Base 151 223 510

Pyr Pt-v 38 94 163
Conv.% 75 58 68

Base 1,735 2,999 2,629

BaA Pt-V 434 780 631
Conv.% 75 74 76

Base 1,036 1.098 304

BbF Pt-V 269 55 33
Conv.% 74 93 89

Base 166 150 132

BKF Pt-V 33 9 9
Conv.% 80 94 93

Base 138 62 16

BaP Pt-V 21 12 3
Conv.% 85 98 98

2] okal wjErlA8 s wlZE 2|9t BaF, BKF
BaP3} 7H-2- wiiAl vg] 57f o] 4bo] o HAgg 7}
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(Williarns et al., 1987).
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™ 400°C o] 4] #& w728 vell: eHz
2 24% o)},
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Table 5. Effect of DOC on aldehydes emission.
(unit : mg/Nm?)

Aldehydes DOC Engine operating condition
T-1 T-2 T-3 T-4 T-5T-6 T-7

Base 62 89 52 23 76 58 8.1

Form- Pi-V 29 63 38 1.7 21 45 65
aldehyde
Conv.% 53 29 31 26 72 22 20
Base 38 19 14 08 08 07 06
Acel-
aldehyde  Pt-V 1.3 13 1.1 07 04 07 04
Conv.% 66 32 21 1350 0 33
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Table 6. Effect of DOC on regulated emission. (unit : g/kwh)
Test . - Reduc. e B Reduc.
mode Pollutants Base Pt. rate(%) Base Pt-V rate(%)

CcO 2.50 0.54 78 2.67 0.93 65
D13 HC 0.65 0.42 35 0.67 0.49 27
NOx 9.41 9.10 32 10.95 10.89 0.5
PM 0.52 0.64 -23 0.51 0.47 7.8
CcO 3.73 0.92 75 3.63 1.56 57
S-13 HC 0.95 0.55 46 0.83 0.62 25
NOx 10.47 10.50 -0.3 9.87 9.99 -1.2
PM 0.53 0.76 —43 0.47 041 13
Table 7. Composition of paticulate and reduction rate of each component with catalyst. (unit : g/h)
Pt Catalyst Pt-V Catalyst
e Reduc. e Reduc.
Mode Component Base Pt Rate(%) Base Pt Rute(%)
D-13 PM 32.35 39.79 -23 31.86 29.37 7.8
SOF 2.71 1.39 49 3.37 2.50 26
Sulfate 043 5.43 —1.163 0.28 0.64 -129
Others 29.21 33.72 =15 28.21 25.90 8
S-13 PM 18.88 27.00 —~43 15.18 13.14 13
SOF 243 0.95 61 2.45 1.60 35
Sulfate 0.47 4.32 -819 0.21 0.28 -33
Others 15.98 19.44 -22 12.52 11.26 10
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