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Presentation Outline

* Standards, Goals, and Research Targets

* Post Combustion Emission Control Devices
* Description & Principle of Operation

* Advantages and Disadvantages

* Summary

®* Conclusion




Standards, Goals, and Research Targets
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Post Combustion Emission Control Systems

Diesel Oxidation Catalyst (DOC)

Diesel Particulate Filters (DPFs or Traps)

Lean NOx Catalyst (LNC)

Lean NOx Trap (LNT)

Selective Catalytic Reduction (SCR)

* Combinations
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Diesel Oxidation Catalyst (1)
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Diesel Oxidation Catalyst (3)

ey Ly 4 < Ll
e e ST e,

S$1 S2 S3

% REDUCTION OF TOTAL PARTICULATE

Diesel Oxidation Catalyst (2)
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Diesel Particulate Filters (1)

Most Common Filter Element
Wallflow Construction
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Diesel Particulate Filters (2)

Methods For Active Regeneration

v}iww‘w%‘; N T A o A S e B s

RETER

kY

sy

NEMEERN

Ml

X o

P L]
R B LN
Gt SR -
s ¥ ’
Y e R A B T S R Dy T BN PR SR A

T i o G Yo




Diesel Particulate Filters (3)

Methods For Passive Regeneration
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Diesel Particulate Filters (4)

Combination Catalyst and Particulate Filter

NO+1/202=NO2 2NOz +2C = N2 + 2C0O2
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Diesel Particulate Filters (5)
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Lean NOx Catalyst (2)

(COMPOSITE GENERATED FROM INDUSTRY EXPERIENCE)

TRANSIENT éOMPOSlTE REDUCTION 15-20%
60

pPt-Z Cu-Z

50

40 '\

30

20

NOx CONVERSION EFFICIENCY, %

10
FMNO=5:1

200 250 300 350 400 450
EXHAUST TEMPERATURE, C

s
LR,
AT

Lean NOx Trap (1)

NO + 1120
X N.+H,0+CO,




101N

Selective Catalytic Reduct

4N, + 6 H,0
3N,+ 6 H,0

ENN R RANAIIENN
RRH NGO HRHN
RN AR RN H N NS
.n—a—n—n—non—v»nvn'»ra:—n»»:o————n
B HHHH R HE NS
R R AR RN T NN
eneebeichce e <
isieheb et <
ERRRRRRS

RRRRARHE ¢
srtetciebeincted ook <
RRARRRRS i
ieheretedih peegecereg thedeleieie

R A A AR AR It
PHEHY HreH

3 3
frattaia i M
SERIENE Al

Sebebetet,
heeeteieiiietee n.M,M.“”M.n
ranaci N gladdete
nanane fnsrfiiihs
taiercebaleta, Lo
aetadaddnithacentitc

auagarnad apnaae
gty -an¢-’noﬂ 2 ﬁ\ﬁ\m tn’avMﬂa—n
B R AN
resgtegpiiniii

i)

AR AN RN

A
hagRaaing

itagserg

2NO; + O, +4NH,

o
~
un
(o]
+
~
o
Q
o
+
o~
Z
[s2)

vantages

d

15a

Advantages and D

-
RZ

NI )
SV
ol *




Diesel Oxidation Catalyst

Advantages

@ Passive Device for PM Control
® SOF Conversion Eff. of 50-70%

® Some Formulations Show
Gas-Phase Activity

® Good Durability

® Proven Reliability

Disadvantages

@ Effective on High SOF Engines Only

® Sulfur Deactivation Concerns

@ Lube Oil Additive Package

Deactivation Concerns

® Ineffective With EGR Systems

© Highly Active DOCs Can Also

Form Sulfate

Diesel Particulate Filters

Advantages

® Greater Than 90% PM Removal

@® Highest Potential For Reducing
Fine Particles

@ Has Synergistic Value When Used
With EGR

@® Passive Regeneration Techniques
Are Attractive

©

Disadvantages
Cost
Complex Controls

Durability and Reliability
Concerns

High Back Pressure
Potential of Plugging




Lean NOx Catalyst

Advantages Disadvantages

©® Low NOx Conversion
® Can Use Same On-Board HC

@ Narrow Temperature Range
@ Good Resist to Sulfi
oc Resistance fo Suliur @ Void of NOx Conversion Between
@ No Appreciable Hydrothermal Low and High Temp. Catalysts

Deactivation For Low Temp. @® N,0 Formation With Low T. Cat.

® Some Limited Success For
Passive Systems

©

Lack of Durability of High T. Cat.

® PM & Fuel Consumption Concerns

Lean NOx Trap

Advantages Disadvantages
® _Experience With DI Gasoline @  Serious Sulfur Deactivation
@ Active in 250 - 450°C Range @ May Require DOC in Rich Regime
@® Potential For High NOx @  Relatively New For Diesel
Conversion (>50%) Applications
® Compatible With Total ©® Requires Sophisticated Controls

Engine/Aftertreatment Control

Schemes ©  Adverse Impact on Fuel Economy




Selective Catalytic Reduction

Advantages Disadvantages

® NOx Conversion of 70% @ Additional On-Board Fluid
® Established Technology (Stationary) @ Requires Sophisticated Controls
® Good Durability at Low- & ©® Infrastructure For Urea

Mid-Range Temperatures Distribution
© Maintain Engine Durability and @ Ammonia Slip Concems

Performance By Avoiding EGR .

@ US Regulators Non-Committal--May

and Timing Retard e e
Have to Carry Life-Time Supply

Combination Systems

Advantages Disadvantages
® Overcome Limitations of Other Systems @® They Each Have Limitations
® CRT Technology Holds Good @ Requires Sophisticated Controls
Promise--Requires 50 less Sulfu
romise--Requires 50ppm or less Sulfur ® Are Application Specific
© Field Experience With Peugeot system @ CRT's Efficiency and Viability
© Designed to Achieve Extremely Low Depends on Availability of Low
Emissions Sulfur Fuel

@ Trap Regeneration Remains a
Challenge




Summary
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Progress in Post Combustion Emissions Reduction
Technologies (Summary-2)

Technology Pros Cons
DOC Passive/Cost/Durability Low Conv. Efficiency
. Cost/Reliability &
DPF E 4
fficiency Durability
LNC Reductant Common Fuel Consumption &
With Onboard Fuel Low Conv. Efficiency
LNT Reductant Commion Unproven-Durability
With Onboard Fuel Fuel Consumption-Sulfur
High NOx Add. Fluid Onboard/
Conversion Cost/Infrastructure...

Concluding Comments

* There is no clear winner among the various
aftertreatment systems

e Trap systems have the potential for PM control but
still suffer from high cost, low durability, and low
reliability

e CRT appears to be have good passive regeneration
qualities but requires ultra low sulfur fuel

* LNT for diesel engines is still new and requires
more research--We know that it requires very low
sulfur content




