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TESTED SUBSTRATES AND PGM LOADING

Table 1%, RO EEZRL TS,

TS HE3&E A% LAHRIE, 500cpsi (i S=28, 2o H
%, TS HEICRY, Mk BB B LR RO BT %
T HIETH-7[ 5]. M2 T 900cpsi, 1200cpsi DA
bitish iz, WEEFE—ET 5720, @25 R,
R dasni-sont Hans-.

1200cpsi D7 41 /L%, 900cpsi fARDEZE B LA 12
2 D120, BB BIENT + AL pME S L7z

1200cpsi D6, 7AANVIEEHEILIRNET A M7 PR
DA DR TERWIZD THS] 4].

ID M500 M900 M1200
Cell Density [cpsi] 500 900 1200
TS
Wall Thickness  [um] 30 30 25
Diameter [mm] 98.4 98.4 98.4
Length [mm] 130 113 101.5
Volume [Itr.] 1.0 0.86 0.77
GSA [m? 3.6 3.7 3.8
OFA [%] 75 74 75
Thermal Mass (17) 103 108 107
[J/K]
PGM Loading HL HL/ LL LL/LLL

Table 1: Physical properties of the tested substrates
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Figure 1: Relative amount of precious metals for the tested
substrates

it — o &N HERE, Bla—r a2 AN, =7

A TR — LR FE DXy =0 70N T,

TV BIOZIy g T AN OfilE A H AR
il DRI A AT D IS BV M A SIS, T,
HE BRI T AE RN E T DI DTAY TV 7T A
RESTT BT

CATALYST AGING PROCEDURE
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Figure 2: Air/Fuel Sweep — 900cpsi HL catalyst (exhaust gas
temperature 650°C, mass flow 49scfm, AFR pertur-
bation 1Hz, +1 AFR)
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Figure 3: Air/Fuel Sweep — Example - 900HL aged compared
to 900LL aged (exhaust gas temperature 650°C,
mass flow 49scfm, AFR perturbation 1Hz, +1 AFR)

BASELINE VEHICLE PERFORMANCE
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Figure 4: HC- light-off of the 900HL and 900LL catalyst after
aging (mass flow= 20scfm, AFR=14.67, temperature
transient = 20 K/min)

Figure 6 I, & #1® 150 Fb MLl A0 A7 AR FE X
400°C7 5 500°CDRIIC, D%, 500°CH5 650°C D[
\CHEDZEERL TS, FTP IOz — /LR A2 —kO X
BRL—Z I T, FTP 22— /LR 2% — D Z2R b,
HEfE% Figure 7 12”7,

>

Figure 5: Program Test Vehicle
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Figure 6:Exhaust gas temperature and exhaust gas mass flow
during FTP cold start
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Figure 7:Engine AFR during FTP cold start
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Figure 8:AFR distribution during the time period 100 to 1374
seconds during FTP testing

EMISSION TEST RESULTS
INFLUENCE OF ENGINE CALIBRATION
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Figure 9: AFR Sweep data shown with average stock and
average target AFR
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Figure 10: Total FTP Emissions results depending on AFR bias
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Figure 11: AFR distribution and cumulative distribution of
calibration 1 and calibration 2 (FTP test)
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Figure 12: Accumulated NOx- emissions during the second
phase of the FTP with stock calibration and biased
AFR (900HL catalyst)
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Figure 13: Accumulated HC- emissions during the second
phase of the FTP with stock calibration and biased
AFR (900HL catalyst)
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Figure 14: Accumulated CO- emissions during the second
phase of the FTP with stock calibration and biased
AFR (900HL catalyst)
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Figure 15: Catalyst development strategy
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Figure 16: HC light-off during FTP cold start
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Figure 17: Accumulated HC during 1% Phase of the FTP test
cycle (high load)
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Figure 18: Accumulated CO during 1% Phase of the FTP test
cycle (high load)
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Figure 19: Accumulated NOx during 1% Phase of the FTP test
cycle (high load)
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Figure 20: Calculated active Volume and geometric surface
area of the 500cpsi and 900cpsi substrate 60 seconds
after FTP cold start
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Figure 22: HC-Efficiency during FTP Cold Start depending on
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Figure 24: Accumulated CO after the 900cpsi catalyst during
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Figure 25: Accumulated NOx after the 900cpsi catalyst during
1% Phase of the FTP test cycle depending on Pd
loading
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Figure 26: FTP-Emission bag data depending on Pd loading
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Figure 27: HC light-off performance of the 900cpsi and
1200cpsi catalyst during FTP cold start
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Figure 28: Accumulated HC after the 900cpsi and 1200cpsi
catalyst during 1° Phase of the FTP test cycle (low
load)
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Figure 29: Accumulated CO after the 900cpsi and 1200cpsi
catalyst during 1% Phase of the FTP test cycle (low
load)
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Figure 30: Accumulated NOx after the 900cpsi and 1200cpsi
catalyst during 1% Phase of the FTP test cycle (low
load)
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Figure 31: Emission bag data of the 1200cpsi and 900cpsi
catalyst at same specific loading
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Figure 32: HC-Efficiency during FTP Cold Start for the 1200LL
and the 1200LLL converter

100 : :
1200LLL -THC
—1200LL -THC
80 1

—_ |
2 |
> |
2 |
5§ 60 |
S
£ I
w |
c
2 !
® 40 I
3
g |
5 |
I=3
o |

|

20 4 |
|
! 1200LL
0 | | . . . . .
240 260 280 300 320 340 360 380 400

Catalyst Inlet Temperature [°C]
Figure 33: HC- light-off of the 1200LL and 1200LLL catalyst
after aging (mass flow= 20scfm, AFR=14.67,
temperature transient = 20 K/min)
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Figure 34: Accumulated HC after the 1200LLL and 1200LL
catalyst during 1% Phase of the FTP test cycle
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Figure 35: Accumulated HC after the 1200LLL and 1200LL
catalyst during 2" Phase of the FTP test cycle
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Figure 37: Accumulated NOx after the 1200LLL and 1200LL
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catalyst during 1% Phase of the FTP test cycle

200

+ 180

+ 160

r 120

r 100

- 80

MNHC

Co/10

NOx

1200LLL /0.77Itr

MNHC

Cco/10

NOx

1200LL /0.77Itr

Figure 38: Emission bag data of the 1200LLL and 1200LL

L 140

Vehicle Speed [mph]

T 60

r 40

20

0

OBag 3
mBag 2
mBag 1

Time [sec]

Figure 36: Accumulated CO after the 1200LLL and 1200LL
catalyst during 1% Phase of the FTP test cycle
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Figure 39: Air/Fuel Sweep — 1200LLL aged compared to
1200LL aged (exhaust gas temperature 650°C,
mass flow 49scfm, AFR perturbation 1Hz, +1 AFR)

OVERALL SUMMARY OF FTP DATA
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Figure 40: HC light-off of the tested catalyst during FTP Cold
Start
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Figure 41: Accumulated THC emissions during the first phase
of the FTP cycle
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Figure 42: Total weighted NMHC results
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Figure 43: Total weighted CO results
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Figure 44: Total weighted NOx results

US06 TEST RESULTS
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Figure 45: Combined NMHC+NOx emissions for the US06 test

CONCLUSION
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DEFINITIONS, ACRONYMS, ABBREVIATIONS

AFR:
CO:
FLEXER:
FTP:
HL.:

LL:
LLL:
NMHC:
NOx:
THC:
TS:

Air to Fuel Ratio

Carbon Monoxide
FLexible EXhaust Evaluation Rig
Federal Test Procedure
High Load

Low Load

Low Low Load

Non Methan Hydrocarbons
Oxides of Nitrogen

Total Hydrocarbons
Transversal Structure



