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(57) ABSTRACT 

An exhaust gas purifying System includes, an internal com 
bustion engine, an exhaust passage of exhaust gas from the 
internal combustion engine, a hydrogen-catalyst provided in 
the exhaust passage, an NOX purifying catalyst provided on 
a downstream of the hydrogen-catalyst of the exhaust pas 
Sage to reduce nitrogen oxides, and a control unit. The 
hydrogen-catalyst has a function of transmitting or gener 
ating hydrogen. In the purifying System, the control unit 
executes enrichment condition control for reducing an air/ 
fuel ratio (A/F)r during enrichment to prolong a time of 
enrichment (tr) as a flow rate of exhaust gas emitted from the 
internal combustion engine is lowered in intermittent enrich 
ment of the air/fuel ratio. 
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FIG 2 
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FIG. 3 
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FIG. 5 
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EXHAUST GAS PURIFYING CATALYST 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an air/fuel ratio 
control technology for purifying exhaust gas emitted from 
an internal combustion engine, a combustor or the like, and 
more particularly to an exhaust gas purifying System capable 
of efficiently purifying nitrogen oxides in the exhaust gas by 
effective use of hydrogen. 
0003 2. Description of the Related Art 
0004. In order to improve fuel consumption of the inter 
nal combustion engine, an air/fuel ratio of a mixture Sup 
plied to the internal combustion engine is controlled to an 
air/fuel ratio of a lean side, in which A/F is about 22 (A. air 
volume, F: fuel volume), that is a fuel ratio is smaller than 
a stoichiometric air/fuel ratio of A/F=14.7. However, a 
three-way catalyst used for purifying NOX in the exhaust gas 
has highest purification efficiency in the Stoichiometric 
air/fuel ratio. Accordingly, Since the air/fuel ratio control to 
the lean side reduces the NOx purification efficiency of the 
three-way catalyst, a great Volume of nitrogen oxides, i.e., 
NOX, is discharged into the atmosphere. 

0005 Therefore, for the internal combustion engine 
capable of executing lean-burning, purifying the nitrogen 
oxides by an NO trap-catalyst containing an NOx adsorbent 
for trapping the nitrogen oxides is employed. This NOX 
adsorbent traps NOx at the time of a lean air/fuel ratio, and 
reduces the trapped NOx by a reducer (HC, CO, or H) at the 
time of a rich air/fuel ratio to discharge and purify the NOX. 
The reducers not used for the discharging and purifying of 
the NOx are removed by oxidation. 

0006) However, in the case of the NOx adsorbent con 
tained in the NOX trap-catalyst, because of a limitation on 
the Volume of nitrogen oxides to be trapped, lean-burning 
cannot be continued for a long time. Thus, in order to 
discharge and purify the trapped nitrogen oxides, control 
must be executed to temporarily enrich an air/fuel ratio. 
Incidentally, control conditions for enrichment, i.e., control 
conditions of a value of an A/F ratio and a maintenance time 
of a rich State, vary depending on a gas flow rate or a gas 
flow Velocity. The gas flow rate is represented by a Space 
Velocity (SV) or exhaust gas passed through the catalyst. 
The Space Velocity is a value obtained by dividing a gas flow 
rate (1/min) by a catalyst volume (1). Hereinafter, in the 
Specification, the gas flow rate means a gas Space Velocity 
(SV) unless specified otherwise. 
0007 As an increase of a gas flow rate brings about an 
increase of a load on the internal combustion engine, an 
exhaust gas temperature is raised to increase a temperature 
of the NOx trap-catalyst. Following this temperature 
increase, the amount of NOX discharged from the NOX 
trap-catalyst is also increased. On the other hand, the 
increased gas flow rate reduces a contact time between the 
exhaust gas and the catalyst to lower reaction efficiency and, 
consequently, NOX purification efficiency is also reduced. 
Thus, control is executed to reduce an air/fuel ratio (A/F)r 
more at the time of enrichment or to prolong the time of 
enrichment (tr) as the gas flow rate or the gas flow velocity 
is increased. 
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0008. The above NOx purifying method is very effective 
in a relatively high temperature region of 300° C. or higher. 
However, the NOx purification efficiency is considerably 
reduced in a temperature region lower than this region. This 
is attributed to the discharging difficulty of the trapped 
nitrogen oxides from the NOx adsorbent in the low tem 
perature region. Investigation by the inventors et al. reveals 
that carbon monoxide (CO) and hydrocarbon (HC), espe 
cially CO, Suppresses the discharging of the nitrogen oxides. 
However, it has been found that use of only hydrogen as a 
reducer greatly promotes the discharging of the nitrogen 
oxides to dramatically improve NOx purification perfor 
mance. Based on Such a knowledge, Japanese Patent Appli 
cation Laid-Open No. 2001-234.737 discloses a system 
combining a hydrogen-catalyst which is a hydrogen enrich 
ing means, and an NOX purification catalyst, in which 
among reducers, i.e., CO, HC and hydrogen (H), generated 
in enrichment, the CO and the HC are selectively reduced, 
and the hydrogen is increased to be Supplied. 

SUMMARY OF THE INVENTION 

0009. In the system disclosed in the aforementioned 
publication, the CO and the HC are greatly reduced to 
increase hydrogen concentration by the hydrogen-catalyst 
installed on the upstream side of the NOx purification 
catalyst, whereby NOX purification performance can be 
dramatically improved even in a low temperature region. 
However, when a gas flow rate (flow velocity) is lowered, a 
residence time of exhaust gas is increased, and not only the 
CO and the HC but also the hydrogen is reduced by the 
hydrogen-catalyst. As a result, almost no hydrogen is Sup 
plied to the NOX purification catalyst, creating a phenom 
enon of lowered NOx purification efficiency. 

0010) That is, if an air/fuel ratio (A/F)r at the time of 
enrichment and a time of enrichment (tr) are fixed for 
discharging/purifying trapped NOx, the amount of CO and 
hydrogen to be generated is reduced as the gas flow rate is 
lowered more. On the other hand, since a volume of the 
hydrogen-catalyst is not changed, reactivity between the CO 
or the hydrogen generated by the enrichment and the hydro 
gen-catalyst is increased, as the gas flow rate (gas flow 
velocity) is lowered. As a result, not only the CO but also the 
hydrogen is reduced, thus the NOX purification efficiency in 
the low temperature region is lowered. 
0011. The present invention is designed to solve the 
foregoing problems in the exhaust gas purifying System. An 
object of the invention is to provide an exhaust gas purifying 
System capable of constantly Supplying, even if fluctuation 
occurs in an exhaust gas flow rate or flow velocity, the 
amount of hydrogen necessary for NOX purification from a 
hydrogen-catalyst of an upstream Side of an exhaust passage 
to an NOx purification catalyst of a downstream side without 
being influenced by the fluctuation, and capable of effi 
ciently purifying nitrogen oxides even in a low temperature 
region. 

0012. According to a first embodiment, an exhaust gas 
purifying System, includes an internal combustion engine, an 
exhaust passage of exhaust gas from the internal combustion 
engine, a hydrogen-catalyst provided in the exhaust passage 
an NOX purifying catalyst provided on a downstream of the 
hydrogen-catalyst of the exhaust passage to reduce nitrogen 
oxides, and a control unit. The hydrogen-catalyst makes at 
least one of the following reactions (a) to (c), 
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0013 (a) reaction for selectively removing CO by 
oxidation, and Suppressing consumption of hydro 
gen, 

0014 (b) reaction for adsorbing CO, and transmit 
ting hydrogen, and 

0.015 (c) reaction for rending CO with HO to 
generate hydrogen. 

0016. The control unit controlling an air/fuel ratio of 
mixed gas of fuel and air Supplied to the internal combustion 
engine, which executes enrichment condition control for 
reducing an air/fuel ratio (A/F)r during enrichment to pro 
long a time of enrichment (tr) as a flow rate of exhaust gas 
emitted from the internal combustion engine is lowered in 
intermittent enrichment of the air/fuel ratio. 

0.017. According to a second embodiment of this inven 
tion, an exhaust gas purifying System includes an internal 
combustion engine, an exhaust passage of exhaust gas from 
the internal combustion engine, a hydrogen-catalyst pro 
Vided in the exhaust passage, an NOX purifying catalyst 
provided on a downstream of the hydrogen-catalyst of the 
exhaust passage, and a control unit which controls an air/fuel 
ratio of mixed gas of fuel and air Supplied to the internal 
combustion engine. The hydrogen-catalyst contains ceria 
and precious metal of at least one or more Selected from the 
group consisting of Pr, Pd and Rh. The NOx purifying 
catalyst contains alkaline metal or alkaline earth metal, and 
precious metal of at least one or more Selected from the 
group consisting of Pr, Pd and Rh. The control unit reduces 
an air/fuel ratio (A/F)r during enrichment to prolong a time 
of enrichment (tr) as a flow rate of exhaust gas emitted from 
the internal combustion engine is lowered. 
0.018. According to a third embodiment of this invention, 
a controlling method for an exhaust gas purifying System 
having an internal combustion engine, an exhaust passage of 
exhaust gas from the internal combustion engine, a hydro 
gen-catalyst provided in the exhaust passage, the hydrogen 
catalyst containing at least CeO2 and precious metal, and an 
NOx purifying catalyst provided on a downstream of the 
hydrogen-catalyst of the exhaust passage to reduce nitrogen 
oxides. The controlling method, includes 

0019 (a) detecting the amount of air Sucked into the 
internal combustion engine; 

0020 (b) detecting a temperature of exhaust gas 
flowing into the hydrogen-catalyst; 

0021 (c) reading prestored first to fourth data maps, 
the first data map indicating a relation between the 
amount of Sucked air and the amount of adsorbed CO 
in the hydrogen-catalyst, the Second data map indi 
cating a relation between the exhaust gas tempera 
ture and the amount of adsorbed CO in the hydrogen 
catalyst, the third data map indicating a relation 
between the amount of Sucked air and the amount of 
reacted CO in the hydrogen-catalyst, and the fourth 
data map indicating a relation between the exhaust 
gas temperature and the amount of reacted CO in the 
hydrogen-catalyst; 

0022 (d) reading the amount of adsorbed CO and 
the amount of reacted CO in the hydrogen-catalyst 
based on the detected amount of Sucked air and the 
detected exhaust gas temperature by referring to the 
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first to fourth data maps, and predicting the amount 
of CO consumption in the hydrogen-catalyst from 
the amount of adsorbed CO and the amount of 
reacted CO; 

0023 (e) reading prestored fifth and sixth data maps, 
the fifth data map indicating a relation between the 
amount of CO consumption and an optimal amount 
of fuel injection with respect to the amount of CO 
consumption, and the Sixth data map indicating the 
amount of CO consumption and an optimal time of 
fuel injection with respect to the amount of CO 
consumption; and 

0024 (f) deciding the optimal amount of fuel injec 
tion and an optimal time of fuel injection condition 
based on the predicted amount of CO consumption 
by referring to the fifth and Sixth data maps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a constitutional view showing an 
example of an exhaust gas purifying System according to an 
embodiment of the present invention. 
0026 FIG. 2 is a flowchart showing a control process for 
the exhaust gas purifying System according to the embodi 
ment of the present invention. 
0027 FIG. 3 is a data table conceptually showing a data 
map indicating correlation data between the amount of 
intake air to an internal combustion engine and the amount 
of CO adsorbed in a hydrogen-catalyst. 
0028 FIG. 4 is a data table conceptually showing a data 
map indicating correlation data between the temperature of 
the hydrogen-catalyst and the amount of CO adsorbed in the 
hydrogen-catalyst. 

0029 FIG. 5 is a data map example showing correlation 
data between the amount of intake air to the internal com 
bustion engine and the amount of reacted CO in the hydro 
gen-catalyst. 

0030 FIG. 6 is a data map example showing correlation 
data between the temperature of the hydrogen-catalyst and 
the amount of CO adsorbed in the hydrogen-catalyst. 
0031 FIG. 7 is a data map example of an optimal amount 
of fuel injection with respect to the amount of CO consump 
tion in the hydrogen-catalyst. 

0032 FIG. 8 is a data map example of the amount of fuel 
injection with respect to the amount of CO consumption in 
the hydrogen-catalyst. 

0033 FIG. 9 is a graph showing relative values of 
hydrogen and CO contents in exhaust gas before and after 
the passage through the hydrogen-catalyst in comparison 
between the cases of high and low gas flow velocities in an 
exhaust gas purifying System of a comparative example 1 of 
the present invention. 
0034 FIG. 10 is a graph showing relative values of 
hydrogen and CO contents in exhaust gas after the passage 
through the hydrogen-catalyst in the case of a low gas flow 
Velocity in exhaust gas purifying Systems of the comparative 
example 1 and 2, and examples 1 and 2 of the present 
invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0035) Next, detailed description will be made of the 
preferred embodiments of the exhaust gas purifying System 
of the present invention. In the Specification, “%' represents 
a mass percentage unless Specified otherwise. 

0.036 FIG. 1 is a constitutional view showing an 
example of an exhaust gas purifying System according to an 
embodiment of the present invention. An internal combus 
tion engine 1 has an intake air path and an exhaust gas 
passage. Air is Sucked from an air cleaner 3 through a 
throttle valve 4 into the intake air path. An air flowmeter 6 
is disposed on the downstream side of the throttle valve 4 to 
measure the amount of air Sucked into the internal combus 
tion engine 1. A hydrogen-catalyst 7 is disposed on the 
upstream Side of the exhaust gas passage of the internal 
combustion engine 1, and an NOX trap-catalyst 8 is arranged 
as an NOX purifying catalyst on the downstream side 
thereof. Additionally, a catalyst temperature Sensor 9 is 
installed before the hydrogen-catalyst 7, and an A/F Sensor 
10 is installed before the NOx trap-catalyst 8. 

0037. In FIG. 1, a signal detected by the air flowmeter 6, 
the catalyst temperature sensor 9, the A/F sensor 10 or the 
like is sent to a control circuit (catalyst control unit) 11. After 
its analysis in the control circuit 11, the Signal is converted 
into a signal for adjusting an exhaust gas air/fuel ratio, and 
outputted from the control circuit 11. The outputted Signal is 
Sent to a driving circuit provided in each of a Spark plug. 2, 
the throttle valve 4 and 4 fuel injection valve 5 to drive the 
SC. 

0.038. The amount of air Sucked from the air cleaner 3 is 
adjusted by the throttle valve 4, and introduced into a 
combustion chamber of the internal combustion engine 1. 
Furthermore, fuel is injected from the fuel injection valve 5 
to the air introduced into the combustion chamber of the 
internal combustion engine 1 to generate a mixture. The 
mixture is ignited by the Spark plug. 2, thus burning with a 
desired air/fuel ratio. Then exhaust gas with the air/fuel ratio 
is generated and emitted into the exhaust gas passage having 
the hydrogen-catalyst 7 and the NOx trap-catalyst 8 dis 
posed therein. 

0039. In the exhaust gas purifying system according to 
the present embodiment, for the purpose of purifying and 
discharging NOx trapped in the NOx trap-catalyst 8 or the 
like, an air/fuel ratio is intermittently controlled to a rich side 
by the control unit 11. Especially under a low temperature 
condition of an exhaust gas temperature of 300° C. or lower, 
in order to enhance a function of the hydrogen-catalyst 7, 
control is executed, in accordance with a reduction of an 
exhaust gas flow rate, to lower an air/fuel ratio (A/F)r and 
prolong a time of enrichment (tr) during enrichment as the 
exhaust gas flow rate is reduced. When the exhaust gas flow 
rate (SV) is reduced, a ratio of a fuel gas decomposition 
component in the exhaust gas is increased. Accordingly, the 
amounts of hydrogen and CO contained in the exhaust gas 
are increased and, in the hydrogen-catalyst 7, oxidation 
reaction of the CO is preferentially executed to reduce only 
the CO while the hydrogen reaches the NOx purifying 
catalyst of the downstream Side without bring oxidized. 
Therefore, even it fluctuation occurs in the exhaust gas flow 
rate or flow velocity, the amount of hydrogen necessary for 
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NOx purification is constantly supplied without being influ 
enced by the fluctuation to efficiently purify the nitrogen 
oxides. 

0040. Now, each catalyst used in the exhaust gas purify 
ing systems of the embodiment will be described more in 
detail. 

0041. The hydrogen-catalyst 7 has a function of increas 
ing hydrogen concentration in all reducer components by 
Selectively reducing CO in the enriched exhaust gas, and 
generating or transmitting hydrogen. In the hydrogen-cata 
lyst 7, the following reactions mainly occur: 

0042 (a) reaction for selectively removing CO by 
oxidation, Suppressing consumption of hydrogen and 
transmitting hydrogen; 

004:3 (b) reaction for adsorbing CO and transmit 
ting hydrogen; and 

0044) (c) reaction for reacting CO with HO to 
generate hydrogen. 

0045. Initially, the CO in the exhaust gas is adsorbed by 
the hydrogen-catalyst, the reaction (b) mainly progresses, 
and then the reaction (a) progresses. Furthermore, the reac 
tion (c) progresses, where the CO is reacted with HO in the 
exhaust gas to generate hydrogen. These reactions are 
repeated. Accordingly, as the time passes, a plurality of 
reactions different in places in the hydrogen-catalyst Simul 
taneously progreSS. 
0046. As a composition of the hydrogen-catalyst 7, a 
material having Storage oxygen Such as CeO2 or a CeO2 
composite oxide (oxygen Storage agent), a material having 
a CO adsorption ability, or a material containing an optional 
mixture of these materials and, Pt, Pd or Rh, or an optional 
mixture of these are used. Incidentally, as the material 
having a CO adsorbing ability, a material Such as CeO 
having an oxygen Storage function, copper or the like can be 
cited. 

0047 Therefore, the hydrogen-catalyst only needs to 
contain Storage oxygen Such as CeO2 or a CeO2 composite 
oxide and, Pt, Pd or Rh, or a mixture of these. Further, if 
alumina is added as an additive, the function of transmitting 
and generating hydrogen can be improved more. Precedence 
of the reactions (a) to (c) depends on the amount of Storage 
oxygen or the amount of adsorbed CO in the catalyst. 
0048 AS described above, the hydrogen-catalyst contains 
the three-way catalyst component, but the CO can be greatly 
reduced even if the air/fuel ratio is at a rich side. On the other 
hand, in the conventional three-way catalyst, CO purifica 
tion efficiency is considerably reduced at the rich side. In this 
respect, the hydrogen-catalyst is greatly different in func 
tions from the three-way catalyst. Additional characteristic 
of the catalyst material is that the amount of Storage oxygen 
and the CeO content of the hydrogen-catalyst are consid 
erably greater compared with the three-way catalyst. 
0049. The NOx trap-catalyst 8 which is an example of an 
NOx purifying catalyst has a characteristic that NOx is 
trapped by the contained NOx adsorbent at the lean side of 
the air/fuel ratio, and the trapped NOX is discharged/purified 
by a reducer (HC, CO or hydrogen) at the rich side. The 
reducers (HC, CO or hydrogen) not used for the discharging/ 
purifying of NOx are removed by oxidation. 
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0050 AS Such an NOx trap-catalyst, the NOx adsorbent, 
its carrier, i.e., oxide ceramics, or a material containing a 
three-way catalyst component can be used. For the NOX 
adsorbent, alkaline metal, alkaline earth metal and a mixture 
thereof can be used. Alumina can be used for the carrier. Pt, 
Pdor Rh and a mixture thereof can be used for the three-way 
catalyst. 
0051. Incidentally, any catalysts disposed on the down 
Stream Side of the hydrogen-catalyst 7 to reduce nitrogen 
oxides by reduction components which mainly contain 
hydrogen can be used as NOX purifying catalysts. Not only 
the above NOx trap-catalysts but also an NOx selective 
reduction catalyst can be used, which contains Cu, Co, Ni, 
Fe, Ga, La, Ce, Zn, Ti, Ca, Ba or Ag and a mixture thereof 
and, Pt, Ir or Rh and a mixture thereof. However, in the 
exhaust gas purifying System of the present invention, Since 
hydrogen can be highly efficiently used as a reduction 
component, the use of the NOX trap-catalyst is preferable. 
0.052 Additionally, in the exhaust gas purifying system 
shown in FIG. 1, a structure for housing the hydrogen 
catalyst 7 and the NOx trap-catalyst 8 in different catalyst 
containers is adopted as an example. However, it is possible 
to house these catalysts in the same container in the positions 
of the upstream and downstream Sides thereof. Furthermore, 
it is possible to Separately apply the catalysts of component 
compositions in the positions of the upstream and down 
Stream Sides of the same monolithic carrier. 

0.053 Next, description will be made of a controlling 
method for transmitting or generating hydrogen by Selec 
tively reducing CO in order to highly efficiently purify NOX 
even in a low temperature region in the System combining 
the hydrogen-catalyst 7 and the NOx trap-catalyst 8. 

0054 For the air/fuel ratio (A/F)r during enrichment and 
for the time of enrichment (tr), control is mainly executed to 
the amount of fuel injection, the time of fuel injection, or a 
fuel injection timing, an ignition time, an opening/closing 
timing of an intake/exhaust valve or an optional combination 
thereof by combustion control means. Specifically, a Z value 
representing a theoretical mixture ratio of an oxidant and a 
reducer is controlled. That is, the atmosphere is adjusted to 
be an atmosphere where a Z value of exhaust gas flowing 
into the hydrogen-catalyst 7 is intermittently 1.0 or lower, 
i.e., an atmosphere where a reduction component Such as 
hydrocarbon is excessive (rich side atmosphere), defined in 
the following equation: 

0055. Here, O, INO), H., CO and HC respec 
tively denote concentrations of oxygen, nitric monoxide, 
hydrogen, carbon monoxide, and hydrocarbon, and C. 
denotes a coefficient decided by a type of an HC component. 
0056. Then, when the NOx trap-catalyst 8 purifies NOx, 
concentration of hydrogen H and concentration of all the 
reduction components TR in the exhaust gas are controlled 
by the hydrogen-catalyst 7 to Satisfy relations represented by 
the following equations (1) and (2): 

H/TRld>H/TRiu (1) 
H/Trld20.3 (2) 

0057 Here, in the above equations, H/TRu denotes a 
ratio of concentration of hydrogen Hu to concentration of 
all the reduction components TRu before the execution of 
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enrichment or on the upstream Side. H/TRd denotes a 
ratio of concentration of hydrogen Had to concentration of 
all the reduction components TRd at the inlet of the NOX 
trap-catalyst 8. 

0058. In addition to the control defined by the gas com 
positions of the above-mentioned equations (1) and (2), in 
the ratio H/TRd of the concentration of hydrogen to the 
concentration of all the reduction components at the inlet of 
the NOX trap-catalyst during NOX discharging/purifying, a 
ratio of the concentration of hydrogen Had to concentra 
tion of carbon monoxide COld in all the reduction com 
ponents TRd is controlled to be H/COld>1. Thus, effects 
of other reduction components, particularly CO, impeding 
reaction between hydrogen and NOX, can be reduced to 
considerably increase reactivity between the hydrogen with 
a high reduction force and the NOx, and NOx purification 
efficiency can be further improved. 

0059) Next, description will be made of conditions for 
Setting an air/fuel ratio (A/F)r during enrichment and the 
time of enrichment (tr). 
0060 AS described above, the hydrogen-catalyst 7 is 
installed on the upstream side of the NOx trap-catalyst 8, 
and CO or HC is greatly reduced by the hydrogen-catalyst 
7 to increase concentration of hydrogen, whereby NOx 
purification performance can be dramatically improved even 
in the low temperature region. However, the reduced exhaust 
gas flow rate also brings about a reduction in the NOX 
purification efficiency. This is attributed to the fact that under 
the condition of the low gas flow rate or flow velocity, not 
only CO but also hydrogen is reduced by the hydrogen 
catalyst 7. 

0061) If the air/fuel ratio (A/F)r during enrichment and 
the time of enrichment (tr) are fixed, the amounts of CO and 
hydrogen Supplied to the hydrogen-catalyst 7 are reduced 
more as the gas flow rate or flow velocity is lowered. On the 
other hand, Since the Volume of the hydrogen-catalyst 7 is 
not changed with respect to the gas flow rate and flow 
Velocity, reactivity between CO and hydrogen generated by 
enrichment and the hydrogen-catalyst is increased more as 
the gas flow rate is lowered. As a result, not only the CO but 
also the hydrogen is reduced, and thus, the NOX purification 
efficiency in the low temperature region is lowered. 

0062. As described above, the mechanism of the hydro 
gen-catalyst is constituted of one or an optional combination 
of (a) the reaction for selectively removing CO by oxidation, 
and Suppressing (transmitting) the consumption of hydro 
gen; (b) the reaction for adsorbing CO to transmit hydrogen; 
and (c) the reaction for reacting CO with HO to generate 
hydrogen. 

0063. In the reaction (a), the CO is selectively adsorbed 
by precious metal, and then reacted with a Surface oxygen or 
Storage oxygen of CeO2 present in the vicinity to be removed 
by Oxidation, and thereby reduced. AS the gas flow rate is 
lowered, the amount of CO Supplied to the hydrogen 
catalyst 7 is reduced while reactivity between the CO and the 
oxygen on a Surface or the Storage oxygen is increased. If the 
amount of CO is larger than that of the Surface oxygen or the 
Storage oxygen, the CO is effectively reduced. However, if 
the amount of CO is Smaller than that of the Surface oxygen 
or the Storage oxygen, the hydrogen is also reduced in 
addition to the CO. Accordingly, in order to SuppreSS the 
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reduction of the hydrogen, the amounts of CO and hydrogen 
are increased. In other words, it is necessary to increase the 
amounts of CO and hydrogen in the combustion gas 
(exhaust gas) by lowering the air/fuel ratio (A/F)r during 
enrichment, and by prolonging the time of enrichment (tr). 
0064. Additionally, in the reaction (b), CO is adsorbed on 
the metal and the metal oxide. AS the gas flow rate is 
lowered, the amount of CO Supplied to the hydrogen 
catalyst is reduced while the amount of CO adsorbed on the 
metal and the metal oxide is increased. If the amount of 
adsorbed CO is larger than that of the metal or the metal 
oxide on which the CO is adsorbed, the CO is effectively 
reduced. However, if the amount of adsorbed CO is Smaller 
than that of the metal or the metal oxide on which the CO 
is adsorbed, the hydrogen is also adsorbed in addition to the 
CO. Accordingly, in order to Suppress the reduction of the 
hydrogen, the amounts of CO and hydrogen are increased. In 
other words, Similarly to the above-mentioned case, it is 
necessary to lower the air/fuel ratio (A/F)r during enrich 
ment, and to prolong the time of enrichment (tr). 
0065. That is, in the exhaust gas purifying system accord 
ing to the embodiment of the present invention, even if the 
exhaust gas flow rate (SV) is lowered, the air/fuel ratio 
(A/F)r during enrichment and the time of enrichment (tr) are 
controlled to Satisfy conditions where the generated hydro 
gen is not oxidized before it reaches the NOX purifying 
catalyst of the downstream Side. 
0.066 The control of the above-mentioned enrichment 
conditions is executed Specifically by a control circuit 
equipped in the control unit 11 or by a CPU equipped in the 
control unit 11 and operated by programs. 
0067 FIG. 2 is a flowchart showing a controlling method 
of enrichment conditions executed by Such a control unit 11. 
That is, first, in step 101, the amount of air Sucked into the 
internal combustion engine 1 is measured by the air flow 
meter 6, and the measured value is detected by the control 
unit 11. An exhaust gas flow rate is decided from a value of 
the amount of Sucked air and a value of the amount of fuel 
injection. 
0068 Then, in step 102, a temperature at the inlet of the 
hydrogen-catalyst 7 is measured by the thermo-Sensor 9, and 
the measured value is detected by the control unit. AS a 
temperature of the hydrogen-catalyst 7 is decided by an 
exhaust gas temperature, the detected value is equivalent to 
the temperature (T) of the hydrogen-catalyst 7. Steps 101 
and 102 may be reversed in order, or Simultaneous. In Step 
103, determination is made as to whether the temperature T 
is equal to or less than 300° C. or not. If the temperature T 
is equal to or less than 300° C., the control according to the 
embodiment is executed. If the temperature T exceeds 300 
C., it is not necessary to add the control of the embodiment, 
and a conventional controlling method can be used. 
0069. In step 104, data maps prestored in the control unit 
11 are read the following data map (i) to (iv): 

0070 (i) data map indicating the relation between 
the amount of sucked air (A) and the amount of CO 
(a) adsorbed by the hydrogen-catalyst shown in FIG. 
3; 

0071 (ii) data map indicating the relation between a 
catalyst temperature (T) and the amount of CO (a) 
adsorbed by the hydrogen-catalyst shown in FIG. 4; 
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0072 (iii) data map indicating the relation between 
the amount of sucked air (A) and the amount of CO 
(a) reacted by the hydrogen-catalyst shown in FIG. 
5; and 

0073 (iv) data map indicating the relation between 
the catalyst temperature (T) and the amount of CO 
(a) reacted by the hydrogen-catalyst. 

0074. In step 105, from the read data maps, the corre 
sponding amounts of reacted CO and adsorbed CO are read 
based on the detected amount of Sucked air (A) and the 
detected catalyst temperature (T), and the amount of CO 
consumption is estimated based on the read amounts of 
reacted CO and adsorbed CO. The estimated amount of CO 
consumption is represented by a Sum of, e.g., the amounts of 
reacted CO and adsorbed CO. 

0075. Then, in step 106, data maps prestored in the 
control unit 11 are read: (v) data map indicating the relation 
between the amount of CO consumption(c) and the corre 
sponding optimal amount of fuel injection (v) shown in FIG. 
7, and (vi) data map indicating the relation between the 
amount of CO consumption (c) and the optimal time of fuel 
injection (t) shown in FIG. 8. 
0076 Subsequently, in step 107, the optimal amount of 
fuel injection and the optimal time of fuel injection are 
decided with respect to the amount of CO consumption 
estimated from the data maps read in the previous Step. By 
control of the amount of fuel injection, control of an air/fuel 
ratio (A/F)r during enrichment is executed. By control of the 
time of fuel injection, control of the time of enrichment (tr) 
is executed. Incidentally, the air/fuel ratio (A/F)r during 
enrichment and the time of enrichment (tr) are preferably 
controlled to Satisfy the following conditional equation (3) 
in a State where an exhaust gas flow rate is equal to or leSS 
than a space velocity of 28000 h" in the catalyst: 

0.18(sec)<Ir (3) 

0077. Here, Ir=trx1/(A/F)r 
0078. In the case of satisfying the equation (3), passing 
through the hydrogen-catalyst enables the amount of hydro 
gen in the exhaust gas to be maintained or increased. 
Accordingly, even if the exhaust gas flow rate is low, the 
amount of hydrogen necessary for NOX purification can be 
constantly supplied from the hydrogen-catalyst 7 to the NOx 
purifying catalyst 8, whereby high NOx purification effi 
ciency can be obtained. 
0079 More preferably, control is executed to satisfy the 
following conditional equation (4): 

0.18(sec)<Irz0.4 (4) 
0080. In the case of satisfying the equation (4), passing 
through the hydrogen-catalyst enables an increase of the 
amount of hydrogen in the exhaust gas, and a Sure reduction 
in the amount of CO, whereby a ratio of hydrogen in the 
exhaust gas can be greatly increased. Thus, it is possible to 
obtain higher NOx purification efficiency even if the exhaust 
gas flow rate is lowered. 

EXAMPLES 

0081. Next, specific description will be mode of the 
exhaust gas purifying Systems of examples of the present 
invention and a comparative example. 
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0082) <Exhaust Gas Purifying Systemd 
0.083. The systems of the examples and the comparative 
example are the system shown in FIG. 1, where a catalyst 
containing CeO2, alumina and Pt, having an oxygen Storage 
effect and a CO adsorbing ability, was used as a hydrogen 
catalyst. AS an NOX catalyst, an NOX trap-catalyst contain 
ing Pt, Rh, alumina, and an NOx adsorbent, i.e., Ba, was 
used. The hydrogen-catalyst and the NOx catalyst were 
respectively produced by the following methods. 

0084) 1) Manufacturing Method of Hydrogen-Catalyst: 
0085. A cerium oxide was impregnated with dinitrodi 
amino platinum nitrate aqueous Solution, dried, and then 
calcined at 400° C. for 1 hour to obtain Pt/CeO powder. 
This powder, Y-alumina, and alumina Sol were thrown into 
a ball mill at a weight ratio of 100:40:10, mixed with water 
in the ball mill, and crushed to obtain slurry. The slurry was 
stuck to a monolithic carrier base material of 2 mils and 900 
cells (139.5 cells/cm', wall thickness of 0.0051 cm), and 
calcined at 400° C. for about 1 hour. Thus, the amount of 
carried Pt was 2.12 g/L (honeycomb volume). A content of 
CeO was 105 g/L. 
0086) 2) Manufacturing Method of NOx Catalyst: 
0.087 Active alumina was impregnated with dinitrodian 
min Pt solution, dried, and then calcined in air at 400° C. for 
1 hour to obtain Pt carrying alumina powder (powder A). Pt 
concentration of the powder was 3.0%. Then, active alumina 
powder was impregnated with nitrate Rh aqueous Solution, 
dried, and than calcined in air at 400° C. for 1 hour to obtain 
Rh carried alumina powder (powder B). Rh concentration of 
the powder was 2.0%. 
0088. The powder A of 576 g, the powder B of 86 g, the 
active alumina powder of 238 g, and water of 900 g were put 
into a magnetic ball mill, mixed, and crushed to obtain 
Slurry. The slurry was coated to a cordierite monolithic 
substrate (volume: 1.7 L) of 400 cells (62 cells/cm), dried 
at 130 C. after excess slurry in the cells was removed by an 
air flow, and then calcined at 400° C. for 1 hour to obtain a 
catalyst having coaling layer of 200 g/L. This catalyst was 
impregnated with Ba aqueous Solution, dried, and then 
calcined at 400° C. in air for 1 hour to obtain a catalyst 
having coating layer of 250 g/L. 

0089) <Controlling Method of Exhaust Gas Purifying 
Systemd 

Comparative Example 

0090. In the exhaust gas purifying system of the com 
parative example for intermittently Setting an air/fuel ratio 
from a lean State to a rich State, under the same conditions 
for enrichment, an operation of purifying exhaust gas was 
carried out irrespective of changes in an exhaust gas flow 
rate. 

0.091 Between the case of a fast exhaust gas flow veloc 
ity (flow rate), i.e., the case of a transmitted gas flow rate 
SV=45000 h" in the hydrogen-catalyst 7, and the case of a 
slow gas flow rate SV, i.e., the case of SV=28000 h", 
comparison was made regarding an exhaust gas component 
flowing into the hydrogen-catalyst and an exhaust gas com 
ponent flowing out of the hydrogen-catalyst. Conditions for 
enrichment in the comparative example are as follows: 
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0092 Air/fuel ratio during enrichment: (A/F)r=11, 
0.093) Time of enrichment: (tr)=2sec), 
0094) Ir(t-F/A)=0.18 

0.095 A result is shown in a graph of FIG. 9. In the 
drawing, concentrations of hydrogen and CO in the exhaust 
gas after passage through the hydrogen-catalyst 7 are shown 
to be values relative to concentrations of hydrogen and CO 
before passage through the hydrogen-catalyst. 
0096 AS apparent from the graph of FIG. 9, in the case 
of a fast gas flow Velocity, CO is greatly reduced with 
respect to the hydrogen. On the other hand, in the case of a 
Slow gas flow Velocity, concentrations of CO and hydrogen 
are both Zero, indicating that not only the CO but also the 
hydrogen is reduced. 

Examples 1 to 3 
0097. In the exhaust gas purifying system of each of the 
examples 1 to 3 for intermittently Setting an air/fuel ratio 
from a lean State to a rich State, conditions for enrichment in 
the case of a small exhaust gas flow rate (SV=28000 h") 
were adjusted as follows: 
0098. Example 1: 

0099 Air/fuel ratio during enrichment: (A/F)r=11, 
0100 Time of enrichment: (tr)=4|sec), 
0101 Ir(t-F/A)=0.36sec 

01.02 Example 2: 
0103) Air/fuel ratio during enrichment: (A/F)r=10, 
0104 Time of enrichment: (tr)=2sec), 
01.05 Ir(t-F/A)=0.2sec 

0106 Example 3: 
0107 Air/fuel ratio during enrichment: (A/F)r=10, 
0108 Time of enrichment: (tr)=4|sec), 
01.09 Ir(t-F/A)=0.4-sec 

0110 Result, are shown in FIG. 10. FIG. 10 shows 
exhaust gas components after flowing out of the hydrogen 
catalyst in the case of a slow gas flow velocity (SV=28000 
h'). Additionally, data of exhaust gas components before 
flowing into the hydrogen-catalyst and data of the compara 
tive example are shown in the graph of FIG. 10. Values of 
the respective components are shown to be values relative to 
concentrations of hydrogen and CO before passage through 
the hydrogen-catalyst. 

0111. As apparent from FIG. 10, different from the 
comparative example, in the example 1 of the longer time of 
enrichment (tr), there was Sufficient hydrogen, Verifying that 
CO was reduced more compared with hydrogen. Different 
from the comparative example, in the example 2 of the 
Smaller air/fuel ratio (A/F)r during enrichment, there was 
also Sufficient hydrogen, Verifying that CO was greatly 
reduced compared with hydrogen. Furthermore, different 
from the comparative example, in the example 3 of the 
Smaller air/fuel ratio (A/F)r during enrichment and the 
longer time of enrichment (tr), there was Sufficient hydro 
gen. However, CO was not reduced so greatly. The insuffi 
cient reduction of CO may be attributed to the fact that the 
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amount of CO generated by enrichment was larger than the 
amount of Surface oxygen or the amount of Storage oxygen, 
present in the hydrogen-catalyst 7, or the amount of 
adsorbed CO. 

0112 Additionally, table 1 shows NOx purification effi 
ciency of an NOx purifying catalyst 8 installed on the 
downstream Side of the hydrogen-catalyst 7 in each of the 
examples and the comparative example where the air/fuel 
ratio (A/F)r during enrichment and the time of enrichment 
(tr) are variously adjusted. It was verified that after passage 
through the hydrogen-catalyst 7, i.e., in the case of a high 
hydrogen ratio at the inlet of the NOx purifying catalyst 8, 
the nitrogen oxides were purified highly efficiently. 

TABLE 1. 

Conditions for enrichment 

NOx purification rate 
(A/F)r tr(sec) Ir (%) 

Embodiment 1 11 4 O.36 94 
Embodiment 2 1O 2 O.2 96 
Embodiment 3 1O 4 0.4 93 
Comparative example 11 2 O.18 33 

0113 AS described above, the exhaust gas purifying 
System of the present invention is mainly constituted by 
having the hydrogen-catalyst, the NOX purifying catalyst 
disposed on the downstream Side of the exhaust passage 
thereof, and the catalyst control unit, and the catalyst control 
unit executes control to increase an enrichment depth and/or 
the time of enrichment as the exhaust gas flow rate is 
lowered. Therefore, the present invention is greatly advan 
tageous in that even if the exhaust gas flow rate (SV) is 
lowered, it is possible to constantly Supply the amount of 
hydrogen necessary for NOx purification to the NOx puri 
fying catalyst at the Succeeding Stage and, even if fluctuation 
occurs in the exhaust gas flow rate, it is possible to efficiently 
purify the nitrogen oxides even in the low temperature 
region without being influenced by the fluctuation. 
0114. The entire contents of Japanese Patent Applications 
P2002-040950 (filed on Feb. 19, 2002) and P2003-27970 
(filed on Feb. 5, 2003) are incorporated herein by reference. 
Although the inventions have been described above by 
reference to certain embodiments of the inventions, the 
inventions are not limited to the embodiments described 
above. Modifications and variations of the embodiments 
described above will occur to those skilled in the art, in light 
of the above teachings. The Scope of the inventions is 
defined with reference to the following claims. 

What is claimed is: 
1. An exhaust gas purifying System, comprising: 

an internal combustion engine; 

an exhaust passage of exhaust gas from the internal 
combustion engine; 

a hydrogen-catalyst provided in the exhaust passage to 
make at least one of the following reactions (a) to (c), 
(a) reaction for Selectively removing CO by oxidation, 

and Suppressing consumption of hydrogen, 
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(b) reaction for adsorbing CO, and transmitting hydro 
gen, and 

(c) reaction for reacting CO with HO to generate 
hydrogen; 

an NOX purifying catalyst provided on a downstream of 
the hydrogen-catalyst of the exhaust passage to reduce 
nitrogen oxides, and 

a control unit controlling an air/fuel ratio of mixed gas of 
fuel and air Supplied to the internal combustion engine, 
which executes enrichment condition control for reduc 
ing an air/fuel ratio (A/F)r during enrichment to pro 
long a time of enrichment (tr) as a flow rate of exhaust 
gas emitted from the internal combustion engine is 
lowered in intermittent enrichment of the air/fuel ratio. 

2. The exhaust gas purifying System according to claim 1, 
wherein the hydrogen-catalyst removes carbon monoxide 
and hydrocarbon by oxidation in a lean State of an air/fuel 
ratio, Selectively removes carbon monoxide in a rich State, 
and generates or transmits hydrogen. 

3. The exhaust gas purifying System according to claim 1, 
wherein the air/fuel ratio (A/F)r during enrichment and the 
time of enrichment (tr) satisfy the condition of following 
equation in a State where the exhaust gas flow rate is equal 
to or less than 28000 hl of a space velocity in the catalyst: 

0.18 (sec)<Ir 

here, Ir=trx1/(A/F)r 
(A/F)r: air/fuel ratio (A/F) during enrichment 
tr. time of enrichment (Sec) 
4. The exhaust gas purifying System according to claim 1, 

wherein the control unit executes the enrichment condition 
control in enrichment when a temperature of the hydrogen 
catalyst is equal to or less than 300 C. 

5. The exhaust gas purifying System according to claim 1, 
further comprising, 

a flow-meter measuring an amount of air Sucked into the 
internal combustion engine, 

a valve adjusting an amount of fuel injected into the 
internal combustion engine, and 

a temperature Sensor measuring a temperature of exhaust 
gas flowing into the hydrogen-catalyst, 

wherein the control unit is provided with a program for 
executing the following process: 

a) detecting the amount of air Sucked into the internal 
combustion engine by the flowmeter; 

b) detecting the temperature of exhaust gas flowing into 
the hydrogen-catalyst by the temperature Sensor; 

c) predicting the amount of CO consumption in the 
hydrogen-catalyst based on the detected amount of 
Sucked air and the detected exhaust gas temperature; 
and 

d) Setting an air/fuel ratio (A/F)r during enrichment and 
a time of enrichment (tr) in accordance with the 
predicted amount of CO consumption. 

6. The exhaust gas purifying System according to claim 1, 
wherein the NOx purifying catalyst traps NOx when the 
air/fuel ratio is at a lean side, and reduces NOx when the 
air/fuel ratio is at a rich side. 
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7. The exhaust gas purifying System according to claim 1, 
wherein the hydrogen-catalyst contains 

ceria, and 

precious metal of at least one or more Selected from the 
group consisting of Pt, Pd and Rh. 

8. The exhaust gas purifying System according to claim 1, 
wherein the hydrogen-catalyst contains 

ceria, 

alumina, and 

precious metal of at least one or more Selected from the 
group consisting of Pt, Pd and Rh. 

9. The exhaust gas purifying System according to claim 1, 
wherein the NOX purifying catalyst contains 

alkaline metal or alkaline earth metal, and 

precious metal of at least one or more Selected from the 
group consisting of Pt, Pd and Rh. 

10. An exhaust gas purifying System, comprising: 

an internal combustion engine; 
an exhaust passage of exhaust gas from the internal 

combustion engine; 
a hydrogen-catalyst provided in the exhaust passage, the 

hydrogen-catalyst containing ceria and precious metal 
of at least one or more Selected from the group con 
sisting of Pr, Pd and Rh; 

an NOX purifying catalyst provided on a downstream of 
the hydrogen-catalyst of the exhaust passage, the NOX 
purifying catalyst containing alkaline metal or alkaline 
earth metal, and precious metal of at least one or more 
selected from the group consisting of Pr, Pd and Rh; 
and 

a control unit for controlling an air/fuel ratio of mixed gas 
of fuel and air Supplied to the internal combustion 
engine, which reduces an air/fuel ratio (A/F)r during 
enrichment to prolong a time of enrichment (tr) as a 
flow rate of exhaust gas emitted from the internal 
combustion engine is lowered. 

11. The exhaust gas purifying System according to claim 
10, wherein the hydrogen-catalyst further contains alumina. 

12. The exhaust gas purifying System according to claim 
10, wherein the air/fuel ratio (A/F)r during enrichment and 
the time of enrichment (tr) satisfy the condition of following 
equation in a State where the exhaust gas flow rate is equal 
to or less than 28000 hl of a space velocity in the catalyst: 

0.18 (sec)<Ir 

here, Ir=trx1/(A/F)r 
(A/F)r: air/fuel ratio (A/F) during enrichment 
tr. time of enrichment (Sec) 
13. The exhaust gas purifying System according to claim 

10, wherein the control unit executes the enrichment con 
dition control in enrichment when a temperature of the 
hydrogen-catalyst is equal to or less than 300 C. 

14. The exhaust gas purifying System according to claim 
10, further comprising 

a flowmeter measuring an amount of air Sucked into the 
internal combustion engine, 
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a valve adjusting an amount of fuel injected into the 
internal combustion engine, and 

a temperature Sensor measuring a temperature of exhaust 
gas flowing into the hydrogen-catalyst, 

wherein the control unit is provided with a program for 
executing the following process, 

a) detecting the amount of air Sucked into the internal 
combustion engine by the flowmeter; 

b) detecting the temperature of exhaust gas flowing into 
the hydrogen-catalyst by the temperature Sensor; 

c) predicting she amount of CO consumption in the 
hydrogen-catalyst based on the detected amount of 
Sucked air and the detected exhaust gas temperature; 
and 

d) Setting the air/fuel ratio (A/F)r during enrichment 
and a time of enrichment (tr) in accordance with the 
predicted amount of CO consumption. 

15. A controlling method for an exhaust gas purifying 
System having an internal combustion engine, an exhaust 
passage of exhaust gas from the internal combustion engine, 
a hydrogen-catalyst provided in the exhaust passage, the 
hydrogen-catalyst containing at least CeO2 and precious 
metal, and an NOX purifying catalyst provided on a down 
Stream of the hydrogen-catalyst of the exhaust passage to 
reduce nitrogen oxides, comprising the Steps of 

(a) detecting the amount of air Sucked into the internal 
combustion engine; 

(b) detecting a temperature of exhaust gas flowing into the 
hydrogen-catalyst; 

(c) reading prestored first to fourth data maps, the first 
data map indicating a relation between the amount of 
Sucked air and the amount of adsorbed CO in the 
hydrogen-catalyst, the Second data map indicating a 
relation between the exhaust gas temperature and the 
amount of adsorbed CO in the hydrogen-catalyst, the 
third data map indicating a relation between the amount 
of Sucked air and the amount of reacted CO in the 
hydrogen-catalyst, and the fourth data map indicating a 
relation between the exhaust gas temperature and the 
amount of reacted CO in the hydrogen-catalyst; 

(d) reading the amount of adsorbed CO and the amount of 
reacted CO in the hydrogen-catalyst based on the 
detected amount of Sucked air and the detected exhaust 
gas temperature by referring to the first to fourth data 
maps, and predicting the amount of CO consumption in 
the hydrogen-catalyst from the amount of adsorbed CO 
and the amount of reacted CO; 

(e) reading prestored fifth and sixth data maps, the fifth 
data map indicating a relation between the amount of 
CO consumption and an optimal amount of fuel injec 
tion with respect to the amount of CO consumption, 
and the Sixth data map indicating the amount of CO 
consumption and an optimal time of fuel injection with 
respect to the amount of CO consumption; and 

(f) deciding the optimal amount of fuel injection and an 
optimal time of fuel injection condition based on the 
predicted amount of CO consumption by referring to 
the fifth and Sixth data maps. 
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16. The controlling method according to claim 15, 
wherein an air/fuel ratio (A/F)r and a time of enrichment (tr) 
decided by the optimal amount of fuel injection and the 
optimal time of fuel injection Satisfy the following condition 
of equation (1) in a State where an exhaust gas flow rate 
obtained from the amount of the Sucked air is equal to or leSS 
than 28000 hl of a space velocity in the catalyst: 

0.18 (sec)<Ir (1) 
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here, Ir=trx1/(A/F)r 
(A/F)r: air/fuel ratio (A/F) during enrichment 
tr. time of enrichment (Sec) 
17. The controlling method according to claim 15, 

wherein the steps (c) to (f) are executed only when a 
temperature of the hydrogen-catalyst is equal to or less than 
300 C. after the detection of the temperature of the exhaust 
gas flowing into the hydrogen-catalyst. 

k k k k k 


