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Diesel Engine Emission
Reduction



Types of Catalytic Converters

A 3-Way Converter
A Lean NQ Catalyst
A NOx Absorber

A Selective Catalytic Reduction (SCR), Urea
System

A Particulate Trap



Operation of a 3Vay Converter

A A 3-way converter has an oxidation and reduction
catalyst

A Starts with an oxidizing reaction in which oxygen
and carbon monoxigess combined to form
harmless carbon dioxide:

O, +2CO- 2CQ,
Reduction is then accomplished in two stages:
4HC +5Q - 2H,O0 + 4CQ
2NO + 2CO- N, + 2CGQ,



Oxidating catalytic converter principle

Metal casing _ Cellular structure

Ceramic monolith  Precious metal coating



Lean NOx



Introduction

1. Diesel engines because of their reliability and efficiency are a
popular mobile source.

2. The diesel engine operates at higher compression ratios and
with leaner fuel mixtures and produces lower carbon monoxide
and hydrocarbon emissions.

3. The oxygen-rich environment leads to higher nitrogen oxides n
the form of NO.

4. Catalysts selectively promoting the reduction of NOx by HCs
in a lean environment have been termed lean NOx catalyst “LNC”.

5. The two groups that have shown most promise are, Copper
exchanged zeolite Cu/ZSMS, and Platinum on alumina Pt/AlO,.



The Lean NOx mechanism may be represented by two reactions,
the ox1dation of the hydrocarbon and the reduction of nitric
0xide:

CH, + (x+y4)0, - xC0,+(y2)H0
NO +CH, + (x+y4-%)0, -xC0,*(y2)H0 + )N,



SUMMARY OF LEAN NOx TECHNOLOGY

Issues:

*Platinum catalysts generate large amounts of N,O (currently not
regulated, green house gas).

The temperature window of the catalyst 1s narrow leading to
limitations 1n cycle efficiency.

*Pt catalyst have increased SO, activity leading to increased
sulfate particulate.



NOXx Absorber



Introduction - NOx Adsorber Operation

Lean Conditions NOx Adsorber (Trap, Storage catalyst)
NO|+ 20, Co, operation:
eDiesel engine runs lean and NOx is
captured
eTrap is soon saturated and requires
regeneration
*Exhaust system runs rich (lambda<1.0)
for several seconds.

eIn the rich environment NOx converted
(reduced) to N,.

Rich Conditions

Source: JM




NO, Adsorbers Have Demonstrated High NO_
Reduction Efficiencies for Lean-Burn Engines

* NO, adsorbers operate in cyclic manner
— Adsorb NO,, during lean operation

— Regenerate and Convert NO_during rich transient

NO+0, NO, HC, CO, H, » HC, CO, H,

N

CO,, HO, N 1
NO, m 2 O m nitrate
A

Pt Base metal I I Base metal
Catalyst Support Catalyst Support

Lean Operation Rich Transient

(NOx Trapping) (Desorb/Reduce Stored NOx)

* Necessary to optimize all three reaction steps to obtain



Introduction - NOx Adsorber

EPA’s preferred route for 2007/2010

95% NOXx reduction shown with 1.5% fuel economy penalty
Major Issue Exist

Tremendous system complexity, packaging

Cost of precious metals (12litre engine - $4300 NOx adsorber)
EPA Economic analysis $500 for NOx adsorber PGM
Sulfur degradation and catalyst durability

NOx
Sensor
Particulate NOx
Trap Adsorber

Particulate NOx
Trap Adsorber
NOx
Seneor

Dual path system
as EPA demo




NOx Adsorber — Single Branch

Air Intake
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NOx Adsorber — Single Branch
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NOx Adsorber - Single Branch - Results
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Single Branch for Light Duty Application

Emissions prediction over FTP 75 test cycle for
6500Ibs truck.

Cycle average NOx reduction 90% for 3% bsfc
penalty

NOx Adsorber Primary Testpoints

[
600 . @ Primary Testpoints _’\.\
.= Operating Range FTP75

400 - — Full load Torque Curve

0
300 A
200 1 °
100 -
0 . . . . .

0 500 1000 1500 2000 2500 3000
Engine Speed / rpm

Load / Nm




Single Branch - Additional Issues

Project has highlighted the following:

Exhaust manifold temperature limits reached
Impact on engine durability

Increased combustion noise

Torque fluctuations
Transparency to the driver/operator

Smoke to 4.0bsu
Additional burden on DPF



Choice of Reductant Strongly Influences
Overall Conversion of NO,

* Many studies employing precious-metal catalysts have revealed
the overall NO, conversion efficiency strongly depends on
choice of reductant in “Lean-NO.” catalysis
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NOXx Selective Catalytic
Reduction (SCR)

Operation of a UreBased Converter:

A Ureawater mixture is sprayed into the exhaust via
a urea injection unit

A Intense heat in exhaust system causes mixture to
vaporize and turn to gaseous ammonia

A Catalytic converter uses the ammonia to react with
the NQ, emissions to form Nitrogen and Water



Development potentials of diesel engines
NO, selective catalytic reduction (SCR)

Hydrolysis:  NH,COH,N + H,O =>» NH, + CO,

Reduction:  4NH, + 4NO + 0, & N,+ H,0
2NH; + NO + NO, = 2N, + 3H,0

(Pre-Cat)

Urea NO, oxidation
SCR catalyst
catalyst



Engine
Power Generation
Highway application

Off-Road application



Diesel Engine Urea SCR System
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* Inject sufficient urea to convert
NOx at maximum conversion rate

« Avoid excessive urea to minimize
NH3 slip

« Control urea injection rate to
match the NOx emission peaks
and dips



Particulate Trap






