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(57) ABSTRACT

An exhaust gas post-processing system includes an oxida-
tion catalyst configured to oxidize substances included in the
exhaust gas; a diesel particulate filter configured to collect
particulate matters included in the exhaust gas and disposed
subsequent to the oxidation catalyst; a dosing module con-
figured to inject a reducing agent and disposed subsequent to
the diesel particulate filter; and a selective catalytic reduc-
tion configured to remove nitrogen oxide using the reducing
agent included in the exhaust gas and disposed subsequent
to the dosing module. The diesel particulate filter includes a
catalytic component represented by La, . Ag MnO; (where
0<x<1).

4 Claims, 3 Drawing Sheets
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EXHAUST GAS POST-PROCESSING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority to Korean
Patent Application No. 10-2015-0137908, filed in the
Korean Intellectual Property Office on Sep. 30, 2015, the
entirety of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an exhaust gas post-
processing system, and more particularly, to an exhaust gas
post-processing system capable of physicochemically reduc-
ing harmful substances included in exhaust gas.

BACKGROUND

Generally, a post-processing system for an internal com-
bustion engine is equipped to remove carbon monoxide,
hydrocarbons, particulate matter, and nitrogen oxide that are
generated from an engine.

The post-processing system may include a diesel oxida-
tion catalyst (DOC), a diesel particulate filter (DPF), a
reducing agent injection apparatus and a selective catalytic
reduction (SCR).

The diesel oxidation catalyst serves to oxidize carbon
monoxide or hydrocarbons included in the exhaust gas, and
burn some of the particulate matter using the oxidation heat
to reduce the amount of particulate matter.

The diesel particulate filter serves to filter the particulate
matter included in the exhaust gas and burn the collected
particulate matter at a predetermined temperature to remove
the particulate matter.

The reducing agent injection apparatus servers to inject a
reducing agent into the exhaust gas and the selective cata-
Iytic reduction uses the reducing agent included in the
exhaust gas to oxidize/reduce the nitrogen oxide to remove
the nitrogen oxide as nitrogen and water.

Methods have been researched for using noble metal
components for applications including the diesel oxidation
catalyst or the diesel particulate catalyst. These applications
include oxidizing and removing the carbon monoxide or the
hydrocarbon, and oxidizing the nitrogen monoxide to gen-
erate nitrogen dioxide to a later stage thereof. These appli-
cations may improve occlusion performance of the selective
catalytic reduction for the nitrogen oxide and improve the
efficiency thereof.

The above information disclosed in this Background
section is only for enhancement of understanding of the
background of the disclosure and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

The present disclosure has been made in an effort to
provide an exhaust gas post-processing system having
advantages of improving performance of a selective cata-
Iytic reduction by supplying nitrogen dioxide to later stages
of an oxidation catalyst and a diesel particulate filter.

An exemplary embodiment of the present invention pro-
vides an exhaust gas post-processing system comprises an
oxidation catalyst configured to oxidize substances included
in the exhaust gas; a diesel particulate filter configured to
collect particulate matters included in the exhaust gas and
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2

disposed subsequent to the oxidation catalyst; a dosing
module configured to inject a reducing agent and disposed
subsequent to the diesel particulate filter; and a selective
catalytic reduction configured to remove nitrogen oxide
using the reducing agent included in the exhaust gas and
disposed subsequent to the dosing module. The diesel par-
ticulate filter includes a catalytic component represented by
La, ,Ag MnO; (where 0<x<1).

The diesel particulate filter may include a catalyst com-
ponent represented by La,  Ag MnO; (where 0.2<x=0.8).

The oxidation catalyst may include a catalyst component
consisting of platinum and palladium.

The selective catalytic reduction may include a catalyst
component consisting of at least one selected from V,Os,
WO;, Cu and Fe.

The selective catalytic reduction may include V,O,—
WO,/TiO,, Cu-zeolite, or Fe-zeolite.

The reducing agent may include urea.

According to an embodiment of the present invention, the
exhaust gas post-processing system uses the catalytic com-
ponent included in the diesel particulate filter to effectively
convert nitrogen monoxide into nitrogen dioxide, thereby
maximizing the performance of the selective catalytic reduc-
tion of the later stage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an exhaust gas post-
processing system according to an exemplary embodiment
of the present invention.

FIG. 2 is a graph illustrating reaction temperatures and a
conversion of nitrogen monoxide of a diesel particulate filter
in Examples 1 to 4 and Comparative Example 1.

FIG. 3 is a graph illustrating a conversion of nitrogen
oxide in the exhaust gas post-processing system according to
Examples 1 to 3.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Various advantages and features of the present inventive
concept and methods accomplishing thereof will become
apparent from the following description of embodiments
with reference to the accompanying drawings. However, the
present inventive concept is not limited to the embodiments
set forth herein but may be implemented in many different
forms. The present embodiments may be provided so that
the disclosure of the present invention will be complete, and
will fully convey the scope of the invention to those skilled
in the art and therefore the present invention will be defined
within the scope of claims. Throughout the specification,
like reference numerals denote like elements.

Accordingly, technologies well known in some exemplary
embodiments are not described in detail to avoid an obscure
interpretation of the present invention. Unless defined oth-
erwise, it is to be understood that all the terms (including
technical and scientific terms) used in the specification has
the same meaning as those that are understood by those who
skilled in the art. Throughout the specification, unless
explicitly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of stated elements but not
the exclusion of any other elements. Further, unless explic-
itly described to the contrary, a singular form includes a
plural form in the present specification.
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FIG. 1 is a schematic diagram of an exhaust gas post-
processing system according to an exemplary embodiment
of the present invention.

Referring to FIG. 1, the exhaust gas post-processing
system includes an engine 100, an exhaust line 110, an
oxidation catalyst 120, a diesel particulate filter 130, a
dosing module 140, and a selective catalytic reduction 150.

The oxidation catalyst 120, the diesel particulate filter
130, the dosing module 140, and the selective catalytic
reduction 150 are sequentially disposed in the exhaust line
110 and the exhaust gas is purified by them before being
emitted to the outside.

The oxidation catalyst 120 oxidizes hydrocarbons and
carbon monoxide included in the exhaust gas, and the diesel
particulate filter 130 collects particulate matters included in
the exhaust gas and burns them under a predetermined
temperature condition to be removed.

Further, the oxidation catalyst 120 converts nitrogen
monoxide (NO) included in the exhaust gas into nitrogen
dioxide (NO,) and the diesel particulate filter 130 naturally
regenerates the collected particulate matter by increasing the
temperature by the oxidation reaction of the oxidation
catalyst 120.

The oxidation catalyst 120 may include a catalyst com-
ponent consisting of platinum (Pt) and palladium (Pd). In
detail, the oxidation catalyst 120 may include a catalyst
component in which a molar ratio of platinum (Pt) and
palladium (Pd) is 4:1.

According to the exemplary embodiment of the present
invention, the diesel particulate filter 130 includes the cata-
lyst component represented by La, Ag MnO; (where
0<x<1), in which the catalyst component oxidizes the nitro-
gen monoxide included in the exhaust gas into the nitrogen
dioxide to be supplied to a later stage. Here, the selective
catalytic reduction 150 uses the nitrogen dioxide supplied
from the diesel particulate filter 130 to maximize purifica-
tion efficiency of the nitrogen oxide.

The oxidation of the particulate matter is also promoted
by a reaction of the nitrogen dioxide with the particulate
matter while the nitrogen monoxide is being oxidized into
nitrogen dioxide.

The catalyst component represented by La, Ag MnO,
(where 0<x<1) increases a conversion of the nitrogen mon-
oxide in, in particular, a low temperature area of 200 to 300°
C. In more detail, the diesel particulate filter may include a
catalyst component represented by La, Ag MnO; (how-
ever, 0.2=x=<0.8).

The dosing module 140 injects a reducing agent into the
exhaust line 110, in which the reducing agent may include
urea. The selective catalytic reduction 150 uses the reducing
agent injected from the dosing module 140 to remove the
nitrogen oxide included in the exhaust gas.

The selective catalytic reduction 150 uses the nitrogen
dioxide supplied from the diesel particulate filter 130 to
maximize purification efficiency of the nitrogen oxide. In
detail, the selective catalytic reduction may include a cata-
lyst component consisting of at least one selected from
V,05, WO;, Cu and Fe. In more detail, the selective
catalytic reduction may include V,0,—WO,/TiO,, Cu-
zeolite, or Fe-zeolite.

When a volume ratio of the nitrogen monoxide and the
nitrogen dioxide in the exhaust gas at a front stage of the
selective catalytic reduction 150 is 1:1, the purification
efficiency of the nitrogen oxide is improved in the low
temperature area of 200 to 350° C. due to an SCR reaction.

According to the exemplary embodiment of the present
invention, the purification efficiency of the nitrogen oxide of
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the selective catalytic reduction 150 is improved by supply-
ing the nitrogen dioxide (NO,) to the later stage by the
catalyst component included in the diesel particulate filter
130.

Hereinafter, various Examples of the prevent inventive
concept and Comparative Example will be described. How-
ever, the following Examples are only the preferred
Examples and therefore the present invention is not limited
to the following Examples.

Preparation Example: Preparing of Perovskite
Monolith-Type Catalytic Reactor

A perovskite monolith-type catalytic reactor for NO oxi-
dation performance evaluation coats a cordierite substrate
with perovskite by a general dipping method. The cordierite
substrate used for coating used a 400 cpsi cell monolith
having a diameter of 0.7 in and a height of 0.57 in.
Dipping—=air blowing—drying (110° C.) were repeated on
slurry prepared by mixing perovskite catalyst and distilled
water at a predetermined ratio and performing ball-milling
thereon until 40 wt % against the cordierite is supported in
the substrate. Finally, the coated monolith catalytic reactor
was fired for five hours under air atmosphere of 700° C. and
then the NO oxidation performance evaluation was per-
formed by the following evaluation method.

Evaluation Method: NO Oxidation Performance
Evaluation

The NO oxidation performance evaluation was performed
in a fixed bed continuous flow reactor system and used the
monolith-type catalytic reactor upon the evaluation. The
injected reaction gas concentration was NO of 400 ppm, O,
of 8%, H,O of 10%, and a balance of N, the reactor space
speed was maintained at 30,000 h~" upon the evaluation, and
a change in the reaction gas concentration after and before
the reaction was analyzed by an FT-IR (Nicolet 6700,
Thermo Electronic Co.) connected to the reactor online.

Example 1

The exhaust gas including NO of 400 ppm as a volume %,
O, of 8%, H,O of 10%, and a balance of N, was supplied to
the monolith catalyst coated with a La, ;Ag, ;MnO; catalyst
at a space speed of 30,000 h™'.

A conversion of NO for each temperature was measured
by the foregoing evaluation method and the measurement
results were shown in FIG. 2.

Example 2

Example 2 was performed by the same method as
Example 1 except that the monolith catalyst coated with the
La, sAg, ,MnO; catalyst was prepared.

The conversion of NO for each temperature was measured
by the foregoing evaluation method and the measurement
results were shown in FIG. 2.

Example 3

Example 3 was performed by the same method as
Example 1 except that the monolith catalyst coated with an
La, sAg, sMnO; catalyst was prepared.

The conversion of NO for each temperature was measured
by the foregoing evaluation method and the measurement
results were shown in FIG. 2.
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Example 4

Example 4 was performed by the same method as
Example 1 except that the monolith catalyst coated with the
La, ,Ag, ;MnOj, catalyst was prepared.

The conversion of NO for each temperature was measured
by the foregoing evaluation method and the measurement
results were shown in FIG. 2.

Comparative Example 1

Comparative Example 1 was performed by the same
method as Example 1 except that the monolith catalyst
coated with the La, ,Sr, ;MnO; catalyst was prepared.

The conversion of NO for each temperature was measured
by the foregoing evaluation method and the measurement
results were shown in FIG. 2.

It could be appreciated from FIG. 2 that the monolith
catalyst coated with the perovskite manufactured in
Examples 1 to 4 has the excellent conversion of the nitrogen
monoxide and in particular, has the more excellent conver-
sion in the low temperature area of 200 to 300° C.

Experimental Example 1: Nitrogen Oxide Removal
Experiment

The exhaust gas including NO of 400 ppm as a volume %,
O, of 8%, H,O of 10%, and a balance of N, was supplied to
1.1 cc of the La, sAg, sMnO; catalyst prepared at a 20/30
mesh at a space speed of 60,000 h™" at 250° C. The passing
exhaust gas was added with the reaction gas so that the
whole reaction gas becomes NH; of 500 ppm, NOx of 500
ppm, O, of 5.6%, H,O of 10%, and a balance of N, to flow
in 0.95 cc of V,0,—WO,/TiO, selective catalytic reduction
prepared at the 20/30 mesh at a space speed of 100,000 h™.

The conversion of nitrogen oxide (NOx) of the exhaust
gas passing through the selective catalytic reduction was
measured and the measured results were shown in FIG. 3.

Experimental Example 2

The La, sAg, sMnOj; catalyst was not disposed at a front
stage of the selective catalytic reduction and only the
V,0,—WO,/TiO, selective catalytic reduction was dis-
posed.

The exhaust gas including NH; of 500 ppm as a volume
%, NO of 500 ppm, O, of 5%, H,O of 10%, and a balance
of N, was supplied to the selective catalytic reduction at the
space speed of 100,000 h™".

The conversion of nitrogen oxide (NOx) of the exhaust
gas passing through the selective catalytic reduction was
measured and the measured results were shown in FIG. 3.

Experimental Example 3

The La, sAg, sMnOj; catalyst was not disposed at a front
stage of the selective catalytic reduction and only the
V,0,—WO,/TiO, selective catalytic reduction was dis-
posed.

The exhaust gas including NH; of 500 ppm as a volume
%, NO of 250 ppm, NO, of 250 ppm, O, of 5%, H,O of
10%, and a balance of N, was supplied to the selective
catalytic reduction at the space speed of 100,000 h™'.

The conversion of nitrogen oxide (NOx) of the exhaust
gas passing through the selective catalytic reduction was
measured and the measured results were shown in FIG. 3.
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It could be confirmed from FIG. 3 that the conversion of
the nitrogen oxide of the exhaust gas post-processing system
including the La, sAg, sMnO; catalyst at the front stage of
the selective catalytic reduction may have the excellent
conversion of the nitrogen oxide and approximately the
same conversion as Experimental Example 3 in which the
volume ratio of nitrogen monoxide and nitrogen dioxide is
controlled to be 1:1 may be obtained. In particular, it could
be confirmed that the conversion of the nitrogen oxide is
excellent in the low temperature area of 250 to 350° C.

The regeneration Experiment of the particulate matters
used the diesel engine to measure the purification perfor-
mance of PM after 60 minutes and 12 minutes are main-
tained under the condition that the temperature of the front
stage of the DPF is 350° C. and 640° C., respectively. The
evaluation layout is configured of a DOC+DPF system, the
DOC catalyst uses the monolith catalyst coated with a
catalyst having a noble metal ratio of 2 Pt/1 Pd, the DPF
coated with a noble metal catalyst having a noble metal ratio
of 1 Pt/1 Pd, the La, ;Ag, sMnO; catalyst, an Ag/CeO,
catalyst, respectively, was used to perform the comparison
evaluation.

Experimental Example 4: Particulate Matter
Regeneration Experiment

The DPF coated with the noble catalyst having 1 Pt/1 Pd
measured the particulate matter regeneration result and the
measured results were arranged in the following Table 1.

Experimental Example 5

The DPF coated with the La, ;Ag, sMnO, catalyst mea-
sured the particulate matter regeneration result and the
measured results were arranged in the following Table 1.

Experimental Example 6
The DPF coated with the Ag/CeO, catalyst measured the

particulate matter regeneration result and the measured
results were arranged in the following Table 1.

TABLE 1

Regeneration
at 350° C.

Regeneration
at 640° C.

20%
30%
17%

70%
69%
64%

Experimental Example 4
Experimental Example 5
Experimental Example 6

As illustrated in the above Table 1, in the Experimental
Example 4, it could be confirmed that the regeneration rates
are equal or excellent at both of the temperatures of 350° C.
and 640° C. and, in particular, the regeneration ratios are
excellent in a region of 350° C.

As the NO is oxidized into the NO, in the diesel particu-
late filter according to the exemplary embodiment of the
present invention, it may be confirmed that the particulate
matters are oxidized by the reaction of the particulate
material with the NO,.

The present invention is not limited to the above
Examples but may be manufactured in different various
forms and it may be understood that a person having
ordinary skilled in the art to which the present invention
pertains may perform the present invention other detailed
forms without changing the technical ideas or the essential
features of the present invention. Therefore, it should be
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understood that the above-mentioned embodiments are not
restrictive but are exemplary in all aspects.

While this invention has been described in connection
with what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:
1. An exhaust gas post-processing system, comprising:

an oxidation catalyst configured to oxidize substances
included in the exhaust gas;

a diesel particulate filter configured to collect particulate
matters included in the exhaust gas and disposed sub-
sequent to the oxidation catalyst;

a dosing module configured to inject a reducing agent and
disposed subsequent to the diesel particulate filter; and
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a selective catalytic reduction configured to remove nitro-
gen oxide using the reducing agent included in the
exhaust gas and disposed subsequent to the dosing
module,

wherein the diesel particulate filter includes a catalytic
component represented by La; Ag MnO; (where
0<x<1), and

wherein the selective catalytic reduction includes V,O,—
WO,/TiO,.

2. The exhaust gas post-processing system of claim 1,

wherein:

the diesel particulate filter includes a catalyst component
represented by La,  Ag MnO, (where 0.2<x<0.8).

3. The exhaust gas post-processing system of claim 1,

wherein:

the oxidation catalyst includes a catalyst component con-
sisting of platinum and palladium.

4. The exhaust gas post-processing system of claim 1,

wherein:

the reducing agent includes urea.
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