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CARB'’s Diesel Retrofit Emissions Research Study
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Snapshot of some results

Mass emissions of PM, ions, and carbon
NO, and NO,

Metals

Ultrafine particle emissions



High filtration efficiency of
wall-flow type DPF

11-016 2.0kV x30.0k SE(U) . VSCRT-005 2.0kV x7.00k SE(U)
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Realtime NO , Concentrations

a) Cruise 50mph

b) UDDS

Engine Out Temp [T]
NQ, Concentration [ppm]

G: good NOXx reduction .

Temp [T]
NO, NQ [ppm]
Speed [km/hr]

500

400 -

P: poor NOx reduction

200

100 |

Zeolite SCRT
500
400 ://f'_,___NM-V\MﬂN\A/W&AW\f\,M/
] Engine out Temp
300 ¢ SCR out Temp
; Urea NOX
200 Injection NO
] { Speed
100 + X
0 ] L‘l‘.‘— T T T T 1
15 30 45
Baseline NOx
— V-SCRT NOx
——— Engine Out Temp
Speed
Y I

300 - ¢

Time [min]

100

Vehicle Speed [kph]

Conway et al.,
(2005)* and others
have reported low
NOX conversion
during activity that
yields low exhaust
temperatures (i.e.,
stop-and-go
driving)

* Conway et al., “Combined SCR
and DPF Technology for Heavy
Duty Diesel Retrofit,” SAE Tech.
Paper 2005-01-1862



Metal-based zeolite SCR

Cu and Fe zeolites can be combined to provide

balanced LT and HT performance.
At high space velocity, hybrid catalyst shows benefit.
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At higher SV, 1Fe 2Cu zeolite has best LT and
HT performance balance.

= T<300C: Transient response
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Girard et al.,

“Combined Fe-Cu SCR Systems with Optimized Ammonia to NOX

Ratio for Diesel NOX Control,” SAE Tech. Paper 2008-01-1185
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» Cu-zeolite SCR catalysts
favored for lower exhaust gas

temperature applications (<
4500C)

» Fe-zeolite SCR catalysts
preferred for higher temperature
applications

» Ford exploring combination of
Fe-Cu

* Fe-Cu SCR can wide operating
temperature range

» Transient results are also
being explored



Emission rates of total elements

3.0 10
a) Cruise
25 18
6
20+t
< 14 s
% 15+ » %
£ / 2 9
* /
10f @ — — . — & __
*‘ + 1o
051 x 100 12
NM
0.0 4
b) UDDS
25+t 13
201 2
HE 15+ o PN L &
g ' - - \%\ _ + e S c>\2
10+ X 100 1o
05 -1
0.0 —= - "y o -2
S & o o o NG o
e RE Y= ©O ¢
Vehicle Configuration
1 Total Sulfur H Other Elements — & —

% of PM
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Particle Number versus Particle Mass
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Size distribution and volatility of particle
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Some observations from research presented

Retrofits performing as designed. They yield significant emission reductions
(PM, NO,, EC/OC, elements, toxicity, etc.)

Some retrofits are prototypes. Optimization of production-ready systems
expected.

Oxidation of NO to NO, is evident in all catalyst-based systems.

Significant production of ultrafine particles for some systems during some
operation.

Most ultrafine particles are volatile. And elevated sulfate and ammonium
correspond to high ultrafine particle formation.

Oxidative potential (in chemical assay) associated with volatile fraction of
emissions. Water soluble metals may have role

Still to come

* nitro-PAH analysis by DRI
* LDV (E85, CNG, biodiesel, diesel, gasoline (normal and high emitter)
« HD CNG testing w/ WVU

What is beyond this project?
o dioxins

: . . 15
» testing for “production-intent” engine systems



