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(57) ABSTRACT 

A system for effective NOx control in a diesel or other lean 
burn internal combustion engine is presented. The system 
includes a urea-based SCR catalyst having an oxidation 
catalyst coupled upstream of it and an ALNC coupled 
upstream of the oxidation catalyst. This system con?gura 
tion results in improved NOx conversion due to faster SCR 
catalyst Warm-up and higher operating temperatures. Addi 
tionally, placing the ALNC upstream of the oxidation cata 
lyst prevents hydrocarbon slip into the SCR catalyst at loW 
exhaust gas temperatures. Also, system reliability is 

3, 2003. improved by adding an auxiliary NOx aftertreatment device. 
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EXHAUST GAS AFTERTREATMENT SYSTEMS 

FIELD OF INVENTION 

[0001] The present invention relates to an emission control 
system for diesel and other lean-burn vehicles and, more 
speci?cally, to a neW system con?guration designed to 
achieve improved emission control. 

BACKGROUND OF THE INVENTION 

[0002] Current emission control regulations necessitate 
the use of catalysts in the exhaust systems of automotive 
vehicles in order to convert carbon monoxide (CO), hydro 
carbons (HC), and nitrogen oxides (NOx) produced during 
engine operation into unregulated exhaust gasses. Vehicles 
equipped With diesel or another lean burn engine offer the 
bene?t of increased fuel economy, hoWever, control of NOx 
emissions in such systems is complicated due to the high 
content of oxygen in the exhaust gas. In this regard, Selec 
tive Catalytic Reduction (SCR) catalysts, in Which NOx is 
continuously removed through active injection of a reduc 
tant, such as urea, into the exhaust gas mixture entering the 
catalyst, are knoW to achieve high NOx conversion ef? 
ciency. Atypical lean exhaust gas aftertreatment system may 
also include an oxidation catalyst coupled upstream of the 
SCR catalyst. The oxidation catalyst converts hydrocarbons 
(HC), carbon monoxide (CO) and nitrous oxide (NO) in the 
engine exhaust gas. The oxidation catalyst is also used to 
supply heat for fast Warm up of the SCR catalyst. 

[0003] The inventors herein have recogniZed several dis 
advantages With such system con?guration. Namely, 
because the oxidation catalyst is typically located under 
body far doWnstream of the engine, it takes a signi?cant time 
to reach light-off temperatures (eg 200 deg. C.). This 
results in delayed Warm up for the SCR catalyst, and thus 
negatively affects emission control. Also, since the oxidation 
catalyst does not convert the incoming hydrocarbons until it 
reaches light-off, under some conditions, such as cold start, 
or extended periods of light load operation, hydrocarbons 
may slip from the oxidation catalyst and cause the SCR 
catalyst poisoning. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, the present invention is directed to a 
system that achieves effective control of NOx emissions in 
a lean burn engine, such as a diesel engine, While overcom 
ing the disadvantages of the prior art. The system includes 
an Active Lean NOx catalyst (ALNC), an oxidation catalyst 
coupled doWnstream of the ALNC, and a selective catalytic 
reduction (SCR) catalyst coupled doWnstream of said Active 
Lean NOx catalyst. 

[0005] Such system con?guration results in decreased 
oxidation catalyst light-off time due to the exotherm gener 
ated by the ALNC. Also, unlike the oxidation catalyst, the 
ALNC can store hydrocarbons at loW exhaust gas tempera 
tures, therefore SCR catalyst poisoning due to hydrocarbon 
slip is prevented. Additionally, since the ALNC has NOx 
conversion capabilities, demands on the SCR catalyst are 
less severe, and the ALNC can serve as an auxiliary NOx 
aftertreatment device if the SCR catalyst performance 
becomes degraded. 

[0006] An advantage of the present invention is improved 
emission control due to the reduced emission control system 
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Warm-up time. Another advantage of the present invention is 
improved SCR catalyst durability and NOx conversion 
ef?ciency are achieved by eliminating the risk of hydrocar 
bon poisoning. Yet another advantage of the present inven 
tion is improved emission control system reliability due to 
the presence of an additional NOx aftertreatment device. 

[0007] The above advantages and other advantages, and 
features of the present invention Will be readily apparent 
from the folloWing detailed description of the preferred 
embodiments When taken in connection With the accompa 
nying draWings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The objects and advantages described herein Will 
be more fully understood by reading an example of an 
embodiment in Which the invention is used to advantage, 
referred to herein as the Description of Preferred Embodi 
ment, With reference to the draWings, Wherein: 

[0009] FIGS. 1A and 1B are schematic diagrams of an 
engine Wherein the invention is used to advantage; 

[0010] FIG. 2 is a schematic diagram of an exemplary 
embodiments of an emission control system in accordance 
With the present invention; 

DESCRIPTION OF PREFERRED 

EMBODIMENT(S) 
[0011] Internal combustion engine 10, comprising a plu 
rality of cylinders, one cylinder of Which is shoWn in FIG. 
1A, is controlled by electronic engine controller 12. Engine 
10 includes combustion chamber 30 and cylinder Walls 32 
With piston 36 positioned therein and connected to crank 
shaft 40. Combustion chamber 30 is shoWn communicating 
With intake manifold 44 and exhaust manifold 48 via respec 
tive intake valve 52 and exhaust valve 54. Intake manifold 
44 is also shoWn having fuel injector 80 coupled thereto for 
delivering liquid fuel in proportion to the pulse Width of 
signal FPW from controller 12. Both fuel quantity, con 
trolled by signal FPW and injection timing are adjustable. 
Fuel is delivered to fuel injector 80 by a fuel system (not 
shoWn), including a fuel tank, fuel pump, and fuel rail (not 
shoWn). 
[0012] Controller 12 is shoWn in FIG. 1A as a conven 
tional microcomputer including: microprocessor unit 102, 
input/output ports 104, read-only memory 106, random 
access memory 108, and a conventional data bus. Controller 
12 is shoWn receiving various signals from sensors coupled 
to engine 10, in addition to those signals previously dis 
cussed, including: engine coolant temperature (ECT) from 
temperature sensor 112 coupled to cooling sleeve 114; a 
measurement of manifold pressure (MAP) from pressure 
sensor 116 coupled to intake manifold 44; a measurement 
(AT) of manifold temperature from temperature sensor 117; 
an engine speed signal (RPM) from engine speed sensor 118 
coupled to crankshaft 40. 

[0013] An emission control system 20 is coupled to an 
exhaust manifold 48 and several exemplary embodiments of 
the system in accordance With the present invention are 
described With particular reference to FIGS. 2A-2C. 

[0014] Referring noW to FIG. 1B, an alternative embodi 
ment is shoWn Where engine 10 is a direct injection engine 
With injector 80 located to inject fuel directly into cylinder 
30. 
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[0015] Referring noW to FIG. 2, the emission control 
system 20 includes an Active Lean NOx catalyst (ALNC) 
13, an oxidation catalyst 14, a urea-based Selective Catalytic 
Reduction (SCR) catalyst 15, and a particulate ?lter 16. 

[0016] The ALNC catalyst 13 preferably comprises a 
precious metal or a combination of precious metals, such as 
Platinum or Palladium, an acidic support material, such as 
the one containing alumina and silica, and a Zeolite material. 
Areductant injection system 11 is coupled to the exhaust gas 
manifold upstream of the ALNC. The reductant injection 
system delivers reductant, such as fuel (HC), from the fuel 
tank or from a storage vessel (not shoWn) to the ALNC to 
improve its NOx conversion ef?ciency. System 11 may be 
any system knoWn to those skilled in the art capable of 
delivering reductant to the NOx-reducing catalyst. Alterna 
tively, any other means knoWn to those skilled in the art to 
deliver reductant to an exhaust gas aftertreatment device 
may be used. 

[0017] The ALNC stores hydrocarbons in the engine 
feedgas When exhaust gas temperatures are loW, such as at 
engine cold start and during extended periods of light load 
operation. This prevents hydrocarbon slip into the SCR 
catalyst at loW exhaust gas temperatures. Further, the ALNC 
is capable of quick Warm-up because its small siZe alloWs it 
to be placed close to the engine. Once the ALNC has reached 
light-off temperatures, extra hydrocarbons may be injected 
to create an exotherm that in turn Will Warm up the oxidation 
catalyst 14 Which is located further doWnstream. Addition 
ally, the feedgas NOx is reduced in the ALNC in the 
presence of injected hydrocarbons. 

[0018] Oxidation catalyst 14 is a precious metal catalyst, 
preferably one containing platinum, for rapid conversion of 
unreacted hydrocarbons (HC), carbon monoxide (CO) and 
nitrous oxide (NO) in the exhaust gas mixture exiting the 
ALNC. Additionally, once the oxidation catalyst reaches 
light-off temperatures, extra hydrocarbons can be injected 
into the oxidation catalyst thus to exothermically combust 
and thus generate heat for fast Warm-up of the urea-based 
Selective Catalytic Reduction (SCR) catalyst 15. Extra 
hydrocarbons may be supplied to the oxidation catalyst via 
an injection system 11 upstream of the ALNC, or injected 
directly into the exhaust gas stream entering the oxidation 
catalyst via an additional reductant injection system (not 
shoWn). Alternatively, engine-related measures, such as, for 
example, in-cylinder injection during either or both of a 
poWer or exhaust stroke of the engine (in a direct injection 
engine) or any of a number of other alternatives, such as 
retarding injection timing, increasing EGR and intake throt 
tling, or any other means knoWn to those skilled in the art to 
increase the HC concentration in the exhaust gas may be 
used. In other Words, once the ALNC catalyst reaches 
light-off temperatures, extra hydrocarbon injection into the 
ALNC can be used to achieve quicker light-off for the 
oxidation catalyst. 

[0019] The SCR catalyst 15 is, preferably, a base metal/ 
Zeolite formulation With optimum NOx conversion perfor 
mance in the range of ZOO-350° C. Reductant, such as 
aqueous urea, is stored in a storage vessel (not shoWn) and 
delivered to the SCR catalyst via a reductant injection 
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system 17. Typically, the amount of reductant injected into 
the SCR catalyst is calibrated to achieve a certain reductant 
to incoming NOx ratio. 

[0020] NOx sensors, NOx, (18) upstream, and NOx2 (19) 
doWnstream of the SCR, are coupled in the path of the 
exhaust gas entering and exiting the SCR catalyst. The 
outputs of these sensors are read by controller 12 and may 
be used to determine the NOx conversion efficiency of the 
SCR. If a determination is made that the SCR performance 
is degraded, it is possible to use the ALNC as a back-up NOx 
aftertreatment device. Under such circumstances, urea inj ec 
tion into the SCR catalyst may be reduced or discontinued, 
and extra reductant may be injected into the ALNC based on 
an amount of NOx in the engine feedgas. The amount of 
NOx in the engine feedgas may be measured by an addi 
tional NOx sensor (not shoWn) placed upstream of the 
ALNC, or, alternatively, may be estimated based on engine 
speed, load, exhaust gas temperature or any other parameter 
knoWn to those skilled in the art to affect engine NOx 
production. 
[0021] Particulate ?lter (PF) 15 is coupled doWnstream of 
the SCR catalyst and is used to trap particulate matter (soot) 
generated during the drive cycle of the vehicle. The PF can 
be manufactured from a variety of materials including 
cordierite, silicon carbide, and other high temperature oxide 
ceramics. Once soot accumulation has reached a predeter 
mined level, regeneration of the ?lter becomes necessary. 
Filter regeneration is accomplished by heating the ?lter to a 
temperature that Will burn soot particles at a faster rate than 
the deposition of neW soot particles. 

[0022] Therefore, according to the present invention, 
improved emission control can be achieved by placing an 
ALNC in addition to an oxidation catalyst upstream of a 
urea-based SCR catalyst. The ALNC generates an exotherm 
that provides higher exhaust gas temperature during vehicle 
cold-start and light-load operation and reduces light-off time 
of the oxidation catalyst resulting in faster Warm-up of the 
SCR catalyst. Additionally, the ALNC stores hydrocarbons 
When the exhaust gas temperatures are loW, thus preventing 
hydrocarbon slip from the oxidation catalyst into the SCR 
catalyst during the time period before the oxidation catalyst 
reaches light-off. Also, the ALNC catalyst may serve as an 
auxiliary NOx-reducing device in case the SCR catalyst 
performance is degraded. 

[0023] In an alternative embodiment (not shoWn), oxida 
tion catalyst 14 may be eliminated, and the exotherm for 
Warming up the SCR catalyst may be supplied solely by the 
ALNC. 

[0024] This concludes the description of the invention. 
The reading of it by those skilled in the art Would bring to 
mind many alterations and modi?cations Without departing 
from the spirit and the scope of the invention. Accordingly, 
it is intended that the scope of the invention be de?ned by 
the folloWing claims: 

1-5. (canceled) 
6. A method for controlling a temperature of an oxidation 

catalyst coupled doWnstream of an Active Lean NOx cata 
lyst (ALNC), comprising: 

providing an indication that the ALNC temperature is 
above a ?rst predetermined temperature; and 
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in response to said indication controlling the temperature 
of the oxidation catalyst by adjusting an amount of 
reductant in an exhaust gas mixture entering the ALNC. 

7. A method for controlling a temperature of an oxidation 
catalyst coupled doWnstream of an Active Lean NOx cata 
lyst (ALNC) during cold start, comprising: 

providing an indication that the ALNC temperature is 
above a ?rst predetermined temperature; and 

in response to said indication adjusting an amount of 
reductant in an exhaust gas mixture entering the ALNC 
thereby raising the temperature of the oxidation catalyst 
above a second predetermined temperature. 
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8. A method for controlling a temperature of an oxidation 
catalyst coupled doWnstream of an Active Lean NOx cata 
lyst (ALNC) during cold start, comprising: 

injecting a predetermined amount of reductant into an 
exhaust gas stream entering the ALNC When the oxi 
dation catalyst temperature is above a predetermined 
temperature; and 

increasing reductant injection into the ALNC thereby 
causing the oxidation catalyst temperature to reach said 
predetermined temperature otherWise. 

9-10. (canceled) 


