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(57) ABSTRACT 

An exhaust gas treatment system for an internal combustion 
engine reduces the amount of NOX in exhaust gas flowing 
through an exhaust passage of the engine. The system has a 
plasma generator including two electrodes spaced away from 
each other in the exhaust passage, a high-frequency power 
supply connected to one of the electrodes, and a NOx 
absorber provided between the electrodes. 

  



Aug. 27, 2009 Sheet 1 of 2 US 2009/0211231 A1 

FIG. 

Patent Application Publication 

5 

T 4. 

!!!!!!!!!!!!!!!!=-sæi XXXX&x *******¿=====æ==? 24. 

25 

  



Patent Application Publication Aug. 27, 2009 Sheet 2 of 2 US 2009/0211231 A1 

FIG. 2 

3 33. 6 
& 

: 3. 5 A. 

8 8 64 

65 

  



US 2009/0211231 A1 

EXHAUST GASTREATMENT SYSTEM FOR 
AN INTERNAL COMBUSTON ENGINE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an exhaust gas treat 
ment system for an internal combustion engine. 
0002. In boilers and internal combustion engines, exhaust 
gas is produced as a result of the combustion of fuel and 
discharged into the atmosphere. The exhaust gas contains 
various Substances such as particulate matter (PM) including 
carbide particles, hydrocarbons (HC), sulfur oxides (SOX: 
SO, SO), nitrogen oxides (NOx: NO, NONO), and carbon 
oxides (COx: CO, CO). Recent emission standards are very 
strict because of various environmental issues such as global 
warming, and therefore establishment of technologies for 
exhaust gas purification is required. Particularly in transpor 
tations like automobile, there are many constraints such as 
size, weight, cost, efficiency and ease of maintenance, but a 
demand for Such technologies is expected to increase rapidly 
in the future. Therefore, development of an exhaust gas treat 
ment system with high efficiency is an urgent need. 
0003. In automotive gasoline engines, a catalytic con 
Verter with a catalyst Such as platinum (a three-way catalytic 
converter) is commonly used to reduce the amount of PM, HC 
and NOX in exhaust gas by means of oxidizing and reducing 
reactions. The engines are generally controlled so as to oper 
ate on a stoichiometric air fuel ratio by using oxygen sensors. 
Indiesel engines having high fuel economy, emission of COX 
such as CO is 20% to 30% less than that of the gasoline 
engines, but reducing catalysts are difficult to be used in 
diesel engines because of the presence of excess oxygen in 
exhaust gas. Therefore, various methods for reducing NOx 
emission are used practically. One of the methods is recircu 
lating a part of exhaust gas back to engine cylinders (an 
exhaust gas recirculation: EGR) and then using a diesel par 
ticulate filter (DPF) to collect PM generated in large amounts 
due to the EGR. Other methods include injecting urea into 
exhaust gas (a urea selective catalytic reduction: urea SCR), 
and storing NOx temporarily and then reducing the stored 
NOx at a proper timing by injection of fuel (a diesel particu 
late-NOx reduction system: DPNR). 
0004. However, the combination of EGR and DPF not 
only reduce NOx emission insufficiently, but also adversely 
affects the drivability and performance of the automobiles. 
The urea SCR requires installation of an additional urea tank 
and periodic replenishment of urea, The DPNR requires peri 
odic injection of extra fuel, thereby lowering fuel economy, 
Furthermore, implementation of the above methods need to 
be controlled precisely depending on combustion condition 
of the engine, and therefore engine control becomes complex. 
Such complex engine control results in enlargement of engine 
development and period thereof, thereby increasing a cost of 
the engine development. Furthermore, any of the methods 
needs a precious metal catalyst Such as platinum, which is not 
preferable from the viewpoint of cost and procurement of 
catalyst material. 
0005. In a known engine disclosed in Japanese Unexam 
ined Patent Application Publication No. 61-31615, exhaust 
gas is introduced through an exhaust pipe into a dissociation 
cylinder (reformer) having corona discharge needles at the 
outer surface thereof. NOx in the exhaust gas is decomposed 
into oxygen atom (oxygen radical) and nitrogen atom (nitro 
gen radical) by the discharge in the dissociation cylinder. The 
oxygen atom is reacted with carbon monoxide contained in 

Aug. 27, 2009 

large amounts in the exhaust gas to produce carbon dioxide, 
and the nitrogen atom is reacted with the other nitrogenatom 
to produce nitrogen (N). As a result, the amount of NOx in 
the exhaust gas is reduced. 
0006. However, NOx concentration in the exhaust gas is 
low, and therefore discharge decomposition of low concen 
trated NOx in the exhaust gas is not efficient. 
0007. The present invention is directed to an exhaust gas 
treatment system that reduces the amount of NOx in exhaust 
gas more efficiently. 

SUMMARY OF THE INVENTION 

0008. In accordance with an aspect of the present inven 
tion, an exhaust gas treatment system for an internal combus 
tion engine reduces the amount of NOX in exhaust gas flowing 
through an exhaust passage of the engine. The system has a 
plasma generator including two electrodes spaced away from 
each other in the exhaust passage, a high-frequency power 
supply connected to one of the electrodes, and a NOx 
absorber provided between the electrodes. 
0009. Other aspects and advantages of the invention will 
become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by 
way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The features of the present invention that are 
believed to be novel are set forth with particularity in the 
appended claims. The invention together with objects and 
advantages thereof, may best be understood by reference to 
the following description of the presently preferred-embodi 
ments together with the accompanying drawings in which: 
0011 FIG. 1 is a schematic view of a diesel engine having 
an exhaust gas treatment system according to a first embodi 
ment of the present invention; and 
0012 FIG. 2 is a schematic view of a diesel engine having 
an exhaust gas treatment system according to a second 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(0013 The following will describe the first embodiment of 
the present invention with reference to FIG.1. A diesel engine 
1 includes a cylinder block 2, an intake manifold 3 and an 
exhaust manifold 4. The cylinder block 2 is formed with four 
combustion chambers 2A, 2B, 2C and 2D defined in respec 
tive cylinders (not shown in the drawings). The intake mani 
fold 3 introduces air from an intake pipe 5 into the combustion 
chambers 2A to 2D, and the exhaust manifold 4 collects 
exhaust gas from the combustion chambers 2A to 2D into an 
exhaust pipe 6. In the exhaust pipe 6 as an exhaust passage, 
two plasma generators 12 and 22 are disposed in series. The 
diesel engine 1 further includes an electronic control unit 
(ECU) 10 as a controller. 
0014. The plasma generator 12 includes a high-frequency 
power supply 16 electrically connected to the ECU 10, two 
plate-shaped electrodes 13 and 14 spaced away from each 
other in the exhaust pipe 6, and a NOx absorber 15 provided 
between the electrodes 13 and 14. The electrodes 13 and 14 
are disposed parallel to each other. The electrode 13 is elec 
trically connected to the high-frequency power Supply 16, 
and the electrode 14 is grounded. The electrodes 13 and 14 are 
covered with a dielectric material. The NOx absorber 15 is of 
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a porous body made of electrically conductive Al-O and 
supporting NOx-storage particles made of BaO. As with the 
plasma generator 12, the plasma generator 22 includes two 
electrodes 23 and 24, a high-frequency power Supply 26, and 
a NOx absorber 25 provided between the electrodes 23 and 
24. 
0015 The following will describe the operation of the 
exhaust gas treatment system according to the first embodi 
ment, When the diesel engine 1 is started, air in the intake pipe 
5 is introduced through the intake manifold 3 into the com 
bustion chambers 2A to 2D, and compressed by pistons (not 
shown in the drawings). Diesel fuel injected from injection 
noZZles (not shown in the drawings) into the compressed airis 
ignited spontaneously for combustion, and exhaust gas is 
discharged from the combustion chambers 2A to 2D into the 
exhaust manifold 4. 

0016. The exhaust gas then flows in the exhaust pipe 6 and 
passes through the NOx absorber 15 of the plasma generator 
12, so that NOx in the exhaust gas is stored on the NOX 
storage particles of the NOx absorber 15. The plasma genera 
tor 12 thus reduces NOx concentration of the exhaust gas 
passing therethrough. When the amount of NOx on the NOx 
absorber 15 reaches a predetermined limit, the plasma gen 
erator 12 cannot reduce the NOx concentration of the exhaust 
gas any more. In such a case, the exhaust gas passes through 
the NOx absorber 25 of the other plasma generator 22, so that 
NOX in the exhaust gas is stored on the NOx-storage particles 
of the NOx absorber 25. The plasma generator 22 thus 
reduces NOx concentration of the exhaust gas passing there 
through, as with the plasma generator 12. 
0017. When the amount of NOx on the NOx absorber 15 
reaches a predetermined level, the ECU 10 drives the high 
frequency power Supply 16 so that discharge occurs (that is, 
plasma is generated) between the electrodes 13 and 14. The 
discharge energy is set in a range of 642 to 942 kJ/mol. This 
energy range is higher than a range wherein NOx can be 
decomposed into nitrogen and oxygen atoms (N, O), but 
lower than a range wherein nitrogen (N) can be decomposed 
into nitrogenatoms. Therefore, NOx on the NOx absorber 15 
is decomposed into N and O at a given rate, thereby being 
released from the NOx absorber 15. IfNOx is newly produced 
from the nitrogen and oxygenatoms, the NOX is stored on the 
NOx absorbers 15 or 25 again, and finally all NOx on the NOx 
absorber 15 is decomposed. Since the above discharge energy 
is lower than the energy for decomposition of N, the newly 
produced N is prevented from being decomposed to produce 
NOX again. While the discharge occurs in the plasma genera 
tor 12, the plasma generator 22 stores NOX in the exhaust gas 
on the NOx absorber 25. 

0.018. In the meantime, the amount of NOx on the NOX 
absorber 25 of the plasma generator 22 reaches a predeter 
mined limit, However, the previously stored NOx on the NOx 
absorber 15 of the plasma generator 12 is decomposed into N. 
and O by the discharge between the electrodes 13 and 14 to 
be released from the NOx absorber 15. Therefore, exhaust gas 
passing through the NOx absorber 15, NOx in the exhaust gas 
is stored on the NOx-storage particles of the NOx absorber 15 
again. While the NOx is stored on the NOx absorber 15, 
plasma is generated between the electrodes 23 and 24 in the 
plasma generator 22, as in the case of the plasma generator 12. 
As a result, the NOx on the NOx absorber 25 is decomposed 
into N, and O: to be released from the NOx absorber 25. 
0019. The above-described operations of the plasma gen 
erators 12 and 22 are repeated alternately, so that NOx con 
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centration of the exhaust gas is reduced. In the first embodi 
ment, the plasma is generated alternately by the plasma 
generators 12 and 22, but may be generated intermittently at 
a predetermined time interval by each plasma generator. 
Alternatively, the plasma may be generated by each plasma 
generator at any time depending on the exhaust gas amount 
determined by the ECU 10, based on the engine operating 
condition Such as engine speed. 
0020. The exhaust gas treatment system according to the 

first embodiment has two plasma generators 12 and 22. The 
plasma generator 12 has the electrodes 13 and 14 spaced in 
the exhaust pipe 6, the high-frequency power Supply 16 con 
nected to the electrode 13, and the NOx absorber 15 provided 
between the electrodes 13 and 14. The plasma generator 22 
which is of Substantially the same structure as the plasma 
generator 12 is provided in series with the plasma generator 
12 in the exhaust pipe 6. Therefore, while NOx is newly being 
stored and concentrated on a NOx absorber in one of the two 
plasma generators, concentrated NOx on a NOx absorber can 
be decomposed by the plasma between the two electrodes in 
the other of the two plasma generators. As a result, the amount 
ofNOX in exhaust gas is reduced more efficiently. In addition, 
plasma decomposition of highly concentrated NOx on a NOx 
absorber reduces the amount of NOx in exhaust gas more 
efficiently, as compared to plasma decomposition of low con 
centrated NOx in exhaust gas without using a NOx absorber. 
0021. Though two plasma generators are provided in the 
exhaust pipe in the first embodiment, three or more plasma 
generators may be used to achieve the same effect. In the first 
embodiment, the discharge energy is set in the range of 642 to 
942 kJ/mol for each plasma generator, but not limited to this 
range. If the discharge energy is higher than 942 kJ/mol, N. 
produced from NOx on a NOx absorber may be decomposed 
to produce NOx again. However, since N is decomposed 
within a NOx absorber, NOx newly produced from the N is 
stored on the NOx-storage particles of the NOx absorber 
again without being released from the NOx absorber. Accord 
ingly, the discharge energy may be set at least in a range of 
642 kJ/mol or more. 

0022. In the first embodiment, the NOx absorber 15 is of a 
porous body made of electrically conductive Al-O and Sup 
porting the NOx-storage particles made of BaO, but the 
present invention is not limited to this structure. According to 
the invention, the NOx absorber 15 may contain at least a 
material that allows physisorption of NOx thereon. The mate 
rial includes, for example, alkali metals such as Na, K. Li, 
alkali earth metals such as Ba, Mg, Ca, lanthanoids Such as 
La, Ce, and oxides of the alkali metals, the alkali earth metals 
or the lanthanoids such as MgO. The material further 
includes, for example, compounds of either the alkali metals, 
the alkali earth metals or the lanthanoids with elements other 
than the alkali metals, the alkali earth metals and the lantha 
noids such as NaCl, and oxides of the compounds Such as 
BaSO. 
0023 The following will describe the second embodiment 
of the present invention with reference to FIG. 2. The second 
embodiment differs from the first embodiment in that the 
number of plasma generators is increased, but the other com 
ponents and structures are Substantially the same as those of 
the first embodiment. Therefore, the following description 
will use same reference numbers for the common elements or 
components in both embodiments, and the description of such 
elements or components for the second embodiment will be 
omitted. 
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0024 FIG. 2 shows a diesel engine 31 having an exhaust 
gas treatment system according to the second embodiment. 
The system has the two plasma generators 12 and 22 of the 
first embodiment and further four plasma generators 32, 42, 
52 and 62. The six plasma generators 12, 22.32, 42.52 and 62 
are provided in series in the exhaust pipe 6 and electrically 
connected to the ECU 10. As with the plasma generators 12 
and 22, the plasma generator 32 includes two electrodes 33 
and 34, a NOx absorber 35 provided between the electrodes 
33 and 34, and a high-frequency power supply 36. Similarly, 
the plasma generator 42 includes two electrodes 43 and 44, a 
NOx absorber 45 and a high-frequency power supply 46. The 
plasma generator 52 includes two electrodes 53 and 54, a 
NOx absorber 55 and a high-frequency power supply 56. The 
plasma generator 62 includes two electrodes 63 and 64, a 
NOx absorber 65 and a high-frequency power supply 66. 
0025. The following will describe the operation of the 
exhaust gas treatment system according to the second 
embodiment. While the diesel engine 31 is in operation, the 
ECU 10 monitors the operating condition (e.g. engine load) 
of the diesel engine 31. When the ECU 10 detects that the 
diesel engine31 is operating under low engine load, the ECU 
10 drives the high-frequency power supplies 16 and 26 alter 
nately, as described with reference to the first embodiment. 
Therefore, while NOx is newly stored and concentrated on a 
NOX absorber in one of the two plasma generators, concen 
trated NOx on a NOx absorber in the other of the two plasma 
generators is decomposed by the plasma between the two 
electrodes. As a result, the amount of NOX in exhaust gas is 
reduced efficiently. 
0026. When the engine load is increased, the ECU 10 
drives alternately the four power supplies 16, 26, 36 and 46. 
When the engine load is further increased, the ECU 10 drives 
alternately the six power supplies 16, 26, 36, 46, 56 and 66. 
Since the amount of NOx in exhaust gas is increased with an 
increase in the engine load of the diesel engine 31, the number 
of plasma generators to be operated is increased in the second 
embodiment. That is, in the second embodiment, the number 
of plasma generators to be operated is changed depending on 
the varying engine load of the diesel engine 31. As a result, the 
plural plasma generators are operated property depending on 
the variation in the amount of NOX in exhaust gas, and the 
amount of NOx in exhaust gas is reduced more efficiently. 
0027. In the second embodiment, operation timing of each 
power Supply is not described specifically, but any one or 
more of the power supplies may be operated at a different 
timing from the other power Supplies. For example, the power 
supplies 16, 26, 36,46, 56 and 66 may be operated one by one 
in this order. For example, the power supplies 16, 36 (and 56) 
may be operated concurrently, while the power Supplies 26, 
46 (and 66) may be operated concurrently. 
0028. In the first and second embodiments, the exhaust gas 
treatment system has a plurality of plasma generators, but 
may have only one plasma generator. If the system has only 
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one plasma generator 12, the amount of NOX in exhaust gas 
cannot be reduced during the plasma decomposition of NOX 
on the NOx absorber 15, but highly concentrated NOx on the 
NOx absorber 15 is decomposed surely. Therefore, the 
amount of NOX in exhaust gas is reduced more efficiently, as 
compared to the case of discharge decomposition of low 
concentrated NOX in exhaust gas. 
0029. In the first and second embodiments, the exhaust gas 
treatment system is used for the diesel engine, but may be 
used for boilers or other internal combustion engines such as 
a gasoline engine. 
0030 Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein but 
may be modified within the scope of the appended claims. 
What is claimed is: 
1. An exhaust gas treatment system for an internal combus 

tion engine, the system for reducing the amount of NOX in 
exhaust gas flowing through an exhaust passage of the engine, 
comprising: 

a plasma generator including: 
two electrodes spaced away from each other in the 

exhaust passage; 
a high-frequency power Supply connected to one of the 

electrodes; and 
a NOx absorber provided between the electrodes. 

2. The exhaust gas treatment system according to claim 1, 
wherein a plurality of plasma generators is provided in series 
in the exhaust passage, and the plasma generators are oper 
ated at different timings from each other. 

3. The exhaust gas treatment system according to claim 2, 
further comprising a controller that monitors engine load and 
changes the number of plasma generators to be operated 
depending on the engine load. 

4. The exhaust gas treatment system according to claim 1, 
wherein the energy for discharge between the electrodes is set 
in a range of 642 to 942 kJ/mol. 

5. The exhaust gas treatment system according to claim 1, 
wherein the NOx absorber contains a material that allows 
physisorprtion of NOx thereon. 

6. The exhaust gas treatment system according to claim 5. 
wherein the material is selected from the group consisting of 

alkali metals; 
alkali earth metals; 
lanthanoids; 
oxides of the alkali metals, the alkali earth metals or the 

lanthanoids; 
compounds of either the alkali metals, the alkali earth 

metals or the lanthanoids with elements other than the 
alkali metals, the alkali earth metals and the lanthanoids; 
and 

oxides of the compounds. 
c c c c c 


