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(54) DEVICE FOR PURIFYING EXHAUST GAS

(57) A device for purifying exhaust gas provided to
purify exhaust gas in an engine includes an exhaust line
through which exhaust gas discharged from the engine
passes, a warm-up catalytic converter (WCC) that is dis-
posed in the exhaust line, and a catalyst device disposed

in rear of the warm-up catalytic converter for reducing a
nitrogen oxide of the exhaust gas passing through the
warm-up catalytic converter, wherein the catalyst unit in-
cludes an LTA zeolite catalyst.
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Description

CROSS-REFERENCE(S) TO RELATED APPLICA-
TIONS

[0001] The present application claims priority to Kore-
an Patent Application No. 10-2016-0159258 filed on No-
vember 28, 2016, the entire contents of which are incor-
porated herein for all purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a device for pu-
rifying exhaust gas, and more particularly, to a device for
purifying exhaust gas capable of reducing harmful ma-
terials in exhaust gas by using an LTA zeolite catalyst
with improved high-temperature performance.

Description of Related Art

[0003] In general, an exhaust system of an engine in-
cludes an exhaust gas post-processing device such as
a diesel oxidation catalyst (DOC), a diesel particulate
matter filter (DPF), a selective catalyst reduction (SCR),
and a lean NOx trap (LNT) catalyst to reduce carbon mon-
oxide (CO), hydrocarbons (HC), a particulate matter, ni-
trogen oxide (NOx), and the like which are pollutants con-
tained in the exhaust gas.
[0004] The DOC may oxidize total hydrocarbon and
carbon monoxide in the exhaust gas and oxidize nitrogen
monoxide into nitrogen dioxide.
[0005] The DPF may collect a particulate material con-
tained in the exhaust gas and purify the particulate ma-
terial through a chemical conversion process.
[0006] Further, in the SCR, a reducing agent (urea)
injected in a stream direction of the exhaust gas through
an injector is converted into ammonia (NH3) by the heat
of the exhaust gas, and as a catalytic reaction of nitrogen
oxide and ammonia in exhaust gas by the SCR catalyst,
nitrogen oxide is reduced to nitrogen gas (N2) and water
(H2O).
[0007] In addition, recently, as emissions regulations
for the vehicle are enhanced, improvement in nitrogen
oxide purification performance for the SCR system is re-
quired. Particularly, in a gasoline engine with an exhaust
gas of high temperature, a technique for improving heat
durability of the catalyst or improving nitrogen oxide pu-
rification purify efficiency due to low heat resistance char-
acteristic of the SCR system is required.
[0008] The information disclosed in this Background
of the Invention section is only for enhancement of un-
derstanding of the general background of the invention
and should not be taken as an acknowledgement or any
form of suggestion that this information forms the prior
art already known to a person skilled in the art.

BRIEF SUMMARY

[0009] Various aspects of the present invention are di-
rected to providing exhaust gas purification performance
by improving the high-temperature performance of a
SCR and a SGPF by applying an LTA zeolite catalyst to
a SCR and a SGPF.
[0010] A device for purifying exhaust gas is provided
to purify exhaust gas in an engine, the device including:
an exhaust line through which exhaust gas discharged
from the engine passes; a warm-up catalytic converter
(WCC) that is disposed in the exhaust line; and a catalyst
device disposed in the rear of the warm-up catalytic con-
verter configured for reducing nitrogen oxide of the ex-
haust gas passing through the warm-up catalytic con-
verter, wherein the catalyst device includes an LTA ze-
olite catalyst.
[0011] A ratio of copper and aluminum of the LTA ze-
olite catalyst may be 11 to 16.
[0012] The content of copper may be 0.5 wt% to 5 wt%
with respect to the entire weight of the LTA zeolite cata-
lyst.
[0013] The device may further include an under floor
catalytic converter disposed in the rear of the catalyst
device.
[0014] The warm-up catalytic converter or the under
floor catalytic converter may include a three-way catalyst
converting toxic materials including a carbon monoxide,
a hydrocarbon, and a nitrogen oxide included in the ex-
haust gas into harmless substances by an oxidation and
reduction reaction.
[0015] The catalyst device may include a selective cat-
alyst reduction (SCR).
[0016] The catalyst device may include an SGPF (SCR
on GPF) coated with a selective catalyst reduction (SCR)
on a gasoline particulate filter (GPF).
[0017] According to the exemplary embodiment of the
present invention, the LTA zeolite catalyst with improved
high-temperature performance is applied the SCR or the
SGPF, and thus it is possible to provide an environment
that can increase the heat resistance of the catalyst in a
gasoline engine, improve the nitrogen oxide purification
performance, and improve fuel economy.
[0018] The methods and apparatuses of the present
invention have other features and advantages which will
be apparent from or are set forth in more detail in the
accompanying drawings, which are incorporated herein,
and the following Detailed Description, which together
serve to explain certain principles of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a diagram schematically illustrating a struc-
ture of a device for purifying exhaust gas according
to an exemplary embodiment of the present inven-
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tion.
FIG. 2 is a diagram schematically illustrating a struc-
ture of a device for purifying exhaust gas according
to another exemplary embodiment of the present in-
vention.
FIG. 3 is a graph illustrating a temperature profile
when inspecting FTP mode of a gasoline engine.
FIG. 4 is a graph illustrating a NOx purification per-
formance of the copper type LTA zeolite catalyst ac-
cording to a ratio of copper and aluminum.
FIG. 5 is a graph illustrating a NOx purification per-
formance after hydrothermal aging at 900°C for 24
hrs with respect to the copper type LTA zeolite cat-
alyst having different ratios of copper and aluminum.

[0020] It should be understood that the appended
drawings are not necessarily to scale, presenting a some-
what simplified representation of various features illus-
trative of the basic principles of the invention. The specific
design features of the present invention as disclosed
herein, including, for example, specific dimensions, ori-
entations, locations, and shapes will be determined in
part by the particular intended application and use envi-
ronment.
[0021] In the figures, reference numbers refer to the
same or equivalent parts of the present invention
throughout the several figures of the drawing.

DETAILED DESCRIPTION

[0022] Reference will now be made in detail to various
embodiments of the present invention(s), examples of
which are illustrated in the accompanying drawings and
described below. While the invention(s) will be described
in conjunction with exemplary embodiments, it will be un-
derstood that the present description is not intended to
limit the invention(s) to those exemplary embodiments.
On the contrary, the invention(s) is intended to cover not
only the exemplary embodiments, but also various alter-
natives, modifications, equivalents and other embodi-
ments, which may be included within the spirit and scope
of the invention as defined by the appended claims.
[0023] A device for purifying exhaust gas according to
an exemplary embodiment of the present invention may
be applied to not only vehicles but also various devices
which burn fossil fuels to obtain energy and emit gas
generated in the process. In the present specification, it
is exemplified that the device for purifying exhaust gas
is applied to the vehicles, but it should not be interpreted
that the device for purifying exhaust gas is applied to only
the vehicles.
[0024] An engine for generating power is mounted on
the vehicle. The engine converts chemical energy into
mechanical energy by burning a mixture of fuel and air.
The engine is connected to an intake manifold to receive
air into a combustion chamber, and connected to an ex-
haust manifold to collect the exhaust gas generated in
the combustion process in the exhaust manifold and dis-

charge the collected exhaust gas to the outside of the
vehicle. In the combustion chamber or the intake mani-
fold, an injector is disposed to inject the fuel into the com-
bustion chamber or the intake manifold.
[0025] The exhaust gas generated in the engine is dis-
charged to the outside of the vehicle through the exhaust
manifold. The exhaust device may include an exhaust
pipe and an exhaust gas recirculation (EGR) device.
[0026] The exhaust pipe is connected to the exhaust
manifold to discharge the exhaust gas to the outside of
the vehicle.
[0027] The EGR device is mounted on the exhaust pipe
and the exhaust gas discharged in the engine passes
through the EGR device. Further, the EGR device is con-
nected to the intake manifold to control a combustion
temperature by mixing a part of the exhaust gas with the
air. The combustion temperature may be adjusted by
controlling of the on and off state of an EGR valve (not
illustrated) provided in the EGR device. That is, an
amount of the exhaust gas supplied to the intake manifold
is adjusted by controlling an on and off state of the EGR
valve.
[0028] The exhaust device may further include a par-
ticulate filter that is mounted on the exhaust pipe config-
ured to collect a particulate material contained in the ex-
haust gas. The particulate filter may be a device for pu-
rifying exhaust gas according to the exemplary embodi-
ment of the present invention for purifying a harmful ma-
terial other than the particulate material contained in the
exhaust gas.
[0029] Hereinafter, the device for purifying exhaust gas
according to the exemplary embodiment of the present
invention will be described in detail with reference to the
accompanying drawings.
[0030] FIG. 1 is a diagram schematically illustrating a
structure of a device for purifying exhaust gas according
to an exemplary embodiment of the present invention,
and FIG. 2 is a diagram schematically illustrating a struc-
ture of a device for purifying exhaust gas according to
another exemplary embodiment of the present invention.
In the present case, in the device for purifying exhaust
gas, only schematic configurations required for descrip-
tion according to the exemplary embodiment of the
present invention are illustrated, and the present inven-
tion is not limited to the configurations.
[0031] Referring to FIG. 1, the device for purifying ex-
haust gas according to an exemplary embodiment of the
present invention is disposed on an exhaust line 104
which the exhaust gas passed through an exhaust man-
ifold 102 of an engine 100 is expelled. The device for
purifying exhaust gas according to various exemplary
embodiments of the present invention includes warm-up
catalytic converter (WCC) 110 disposed in the exhaust
line 104 through which exhaust gas discharged from the
engine 100 passes, and a catalyst device 120 disposed
in rear of the warm-up catalytic converter 110.
[0032] The engine 100 configured to generate the driv-
ing torque by a combustion of fuel may include a gasoline
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engine, but the present invention is not limited thereto.
[0033] As shown in FIG. 2, the device for purifying ex-
haust gas according to an exemplary embodiment of the
present invention may further include an under floor cat-
alytic converter (UCC) 130 disposed in rear of the catalyst
device 120.
[0034] The warm-up catalytic converter 110 may be
directly connected with exhaust manifold 102, and the
under floor catalytic converter 130 may be separated
from an exhaust manifold 102 and configured on a vehicle
floor in the exhaust line 104.
[0035] Herein, the warm-up catalytic converter 110 or
the under floor catalytic converter 130 includes a three-
way catalyst (TWC) converting toxic materials including
a carbon monoxide, a hydrocarbon, and a nitrogen oxide
included in the exhaust gas into harmless substances by
an oxidation and reduction reaction.
[0036] The catalyst device 120 reduces the nitrogen
oxide of the exhaust gas which passes through the warm-
up catalytic converter 110.
[0037] For example, the catalyst device 120 includes
a selective catalyst reduction (SCR) according to an ex-
emplary embodiment of the present invention. The cat-
alyst device 120 is configured to inject a reducing agent
such as urea into an exhaust pipe, and reduce nitrogen
oxide in the exhaust gas into nitrogen and oxygen.
[0038] The selective catalytic reduction catalyst may
include a Passive SCR (pSCR) of using NH3 exhausted
from the LNT catalyst without a urea injection.
[0039] In addition, the catalyst device 120 may be a
SGPF (SCR on GPF) coated with a selective catalyst
reduction (SCR) on a gasoline particulate filter (GPF) ac-
cording to another exemplary embodiment of the present
invention.
[0040] The catalyst device 120 may include a LTA ze-
olite catalyst according to an exemplary embodiment of
the present invention. A ratio of copper and aluminum of
the LTA zeolite catalyst may be 11 to 16. In addition, the
content of copper may be 0.5 wt% to 5 wt% with respect
to the entire weight of the LTA zeolite catalyst. The con-
tent of copper may be 2 wt% to 3 wt% with respect to the
entire weight of the LTA zeolite catalyst.
[0041] Hereinafter, a process of manufacturing the
LTA zeolite catalyst according to the exemplary embod-
iment of the present invention will be described.
[0042] A method for manufacturing the catalyst ac-
cording to an exemplary embodiment of the present in-
vention includes preparing LTA zeolite having a Si/Al ra-
tio of more than 1, preparing LTA zeolite containing ions
by substituting ions in the LTA zeolite for ions, and pre-
paring copper type LTA zeolite by performing copper (Cu)
ion exchange of the LTA zeolite containing ions, and a
ratio of copper and aluminum is 0.14 to 0.58. However,
the present invention is not limited thereto and a ratio of
active metal and aluminum may be adjusted according
to a use environment of the catalyst.
[0043] First, the preparing of the LTA zeolite will be
described. The LTA zeolite may be prepared by using a

seed and also prepared without using the seed. A Si/Al
ratio of the LTA zeolite prepared in the present process
may be more than 1. More particularly, the Si/Al ratio may
be 5 to 50. The Si/Al ratio may be 5 to 30. The Si/Al ratio
may be 8 or more.
[0044] As an example, the process of preparing the
LTA zeolite by using the seed will be described.
[0045] To prepare the LTA zeolite, first, the LTA zeolite
may be prepared by mixing an LTA seed with a mixture
of aluminum hydroxide (Al(OH)3) and tetraethyl orthosil-
icate (Si(OC2H5)4).
[0046] Particularly, a first mixture is prepared by mixing
a 1,2-dimethyl-3-(4-methylbenzyl)imidazolium hydrox-
ide aqueous solution and aluminum hydroxide (Al(OH)3)
and performing primary stirring, and additionally mixing
tetramethylammonium hydroxide pentahydrate and per-
forming secondary stirring.
[0047] Herein, the first mixture may be prepared by
mixing 20 wt% to 35 wt% of 1,2-dimethyl-3- (4-methyl-
benzyl)imidazolium hydroxide, 1 wt% to 2 wt% of alumi-
num hydroxide, 1 wt% to 5 wt% of tetramethylammonium
hydroxide pentahydrate, and a residue amount of water
with respect to a total weight of the first mixture, and the
primary stirring and the secondary stirring may be per-
formed for 0.5 hr to 1.5 hrs.
[0048] A second mixture is prepared by mixing tetrae-
thyl orthosilicate (Si (OC2H5)4; TEOS) with the prepared
first mixture and performing tertiary stirring and then mix-
ing a LTA seed and performing quaternary stirring.
[0049] The tetraethyl orthosilicate (TEOS) may be
mixed with 30 wt% to 35 wt% with respect to a total weight
of the second mixture may be mixed and the LTA seed
may be mixed with 2 wt% to 6 wt% with respect to a total
weight of all silicon ingredients included in the LTA zeo-
lite.
[0050] Further, the tertiary stirring may be performed
for 2 hrs to 4 hrs and the quaternary stirring may be per-
formed for 20 hrs to 28 hrs.
[0051] Thereafter, a third mixture is prepared by suffi-
ciently heating the second mixture to evaporate ethanol
and water generated due to hydrolysis of tetraethyl or-
thosilicate (TEOS).
[0052] The heating of the second mixture may be per-
formed at a temperature of 70°C to 90°C.
[0053] Thereafter, a fourth mixture is prepared by mix-
ing a hydrogen fluoride (HF) aqueous solution with the
third mixture and performing heating, washing, and dry-
ing processes.
[0054] Herein, the heating of the third mixture may be
performed at a temperature of 150°C to 200°C for a pre-
determined time and the washing may be performed sev-
eral times, and the drying may be performed at room
temperature.
[0055] Next, the LTA zeolite for preparing the zeolite
catalyst according to the exemplary embodiment of the
present invention is prepared by performing additional
heat treatment for removing an organic material of the
fourth mixture.
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[0056] The additional heat treatment may be per-
formed at 500°C to 700°C for 6 hrs to 10 hrs and in the
LTA zeolite according to the exemplary embodiment, the
Si/Al ratio may be 5 to 50.
[0057] Further, in the case of preparing the LTA zeolite
without the seed, the LTA zeolite may be prepared by
the following method. 0.0 mole to 0.2 mole of aluminum
hydroxide and 0.0 mole to 0.2 mole of tetramethylammo-
nium hydroxide (hereinafter, TMAOH) are added with 0.1
mole to 1.0 mole of 1,2-dimethyl-3- (4-methylbenzyl)im-
idazolium hydroxide (hereinafter, 12DM3 (4MB)IOH) as
an organic structure-induced molecule and sufficiently
stirred in a plastic beaker. Next, tetraethyl orthosilicate
(hereinafter, TEOS) is added to have a ratio of 1 mole
with respect to the reactants and sufficiently stirred again.
[0058] Next, the solution is sufficiently heated at 60°C
to 100°C until water becomes 0 mole to 10 moles while
completely removing ethanol generated due to the hy-
drolysis of TEOS added to the solution. Finally, 0.1 mole
to 1.0 mole of hydrogen fluoride (HF) is added and suf-
ficiently mixed to obtain a reaction mixture having a de-
sired composition.
[0059] The reaction mixture is transferred to a Teflon
reactor and put in a container made of stainless steel
again, heated at 100°C to 200°C for 0.1 days to 14 days
to prepare the LTA zeolite. Even in the LTA zeolite pre-
pared by the method, the Si/Al ratio may be 5 to 50. How-
ever, the preparing method is exemplified and is not lim-
ited by the aforementioned method.
[0060] Next, a process of preparing the LTA zeolite
containing ions by using the prepared LTA zeolite will be
described in detail.
[0061] First, the LTA zeolite is put into an ammonium
salt, refluxed, washed, and dried to prepare an NH4 type
LTA zeolite containing NH4 + ions.
[0062] Herein, the ammonium salt may be ammonium
nitrate (NH4NO3).
[0063] The refluxing process may be performed at a
temperature of 60 to 100°C for 5 hrs to 7 hrs.
[0064] In the exemplary embodiment, the ions exem-
plify ammonium ions, but are not limited thereto. That is,
a use of other ions or ionic salts is also included in the
range of the present invention.
[0065] Next, a process of preparing the copper type
LTA zeolite by performing copper (Cu) ion exchange in
the LTA zeolite containing ions will be described. In the
copper type LTA zeolite prepared in the process, a ratio
of copper and aluminum may be 0.14 to 0.58. The ratio
is 0.32 to 0.48.
[0066] However, the present invention is not limited to
the ratio and the ratio of copper and aluminum may be
0.1 to 0.7. The ratio of copper and aluminum may be
properly adjusted according to an environmental condi-
tion to use the catalyst.
[0067] Further, when the content of copper is repre-
sented by wt%, the content of copper may be 0.5 wt% to
5 wt%. Further, the content of copper may be 2.0 wt% to
3.0 wt%.

[0068] In the above process, copper type LTA zeolite
containing Cu ions may be prepared through copper (Cu)
ion exchange of NH4 type LTA zeolite containing dried
NH4+ ions after preparing.
[0069] The copper ion exchange is put in a copper pre-
cursor solution such as copper acetate monohydrate,
copper nitride, copper nitrate, and copper sulfate and stir-
ring is performed, and then washing and drying process-
es are performed to prepare the copper type LTA zeolite.
[0070] Next, the copper type LTA zeolite may be heat-
treated after gradually increasing the temperature in an
oven to prepare the catalyst according to the exemplary
embodiment of the present invention.
[0071] Herein, the heat treatment of the copper type
LTA zeolite may be performed for 1 hr to 24 hrs after
increasing the temperature up to 400°C to 750°C at 1
°C/min to 30°C/min.
[0072] In the copper type LTA zeolite prepared in the
process, a ratio of copper and aluminum may be 0.14 to
0.58. The ratio of copper and aluminum may be 0.32 to
0.48.
[0073] The ratio of copper and aluminum is a ratio hav-
ing thermal stability and excellent NOx purification per-
formance.
[0074] As a result, in the device for purifying exhaust
gas according to the exemplary embodiment of the
present invention, the Cu/LTA catalyst with improved
high-temperature performance is applied the SCR or the
SGPF, thereby increasing the heat resistance of the cat-
alyst and improving the nitrogen oxide purification per-
formance in a gasoline engine.
[0075] FIG. 3 is a graph illustrating a temperature pro-
file when inspecting FTP mode of a gasoline engine.
[0076] Referring to FIG. 3, in a gasoline engine, high
temperature operation region of 900° C to 1000° C or
higher based on a catalyst bed temperature is exist.
Therefore, to apply the SCR system to the gasoline en-
gine, it is essential to secure the high temperature stability
of the SCR catalyst.
[0077] FIG. 4 is a graph illustrating a NOx purification
performance of the copper type LTA zeolite catalyst ac-
cording to a ratio of copper and aluminum.
[0078] Referring to FIG. 4, the NOx purification ratio is
excellent in the temperature of 400°C or more when a
ratio of copper and aluminum is 0.14 to 0.48. In addition,
when a ratio of copper and aluminum is 0.32 to 0.48, the
NOx purification ratio is excellent in the temperature of
200°C or more.
[0079] FIG. 5 is a graph illustrating a NOx purification
performance after hydrothermal aging at 900°C for 24
hrs with respect to the copper type LTA zeolite catalyst
having different ratios of copper and aluminum.
[0080] Referring to FIG. 5, a NOx purification perform-
ance after hydrothermal aging at 900°C for 24 hrs with
respect to the copper type LTA zeolite catalyst having
different ratios of copper and aluminum is illustrated. In
addition, when a ratio of copper and aluminum is 0.32 to
0.48, NOx purification efficiency is 70% or more in reac-
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tion temperature range of 250°C to 600°C.
[0081] As such, in the device for purifying exhaust gas
according to an exemplary embodiment of the present
invention, the LTA zeolite catalyst with an improved high-
temperature performance is applied the SCR or the
SGPF, and thus it is possible to provide an environment
that can increase heat resistance of the catalyst in the
gasoline engine, improve the nitrogen oxide purification
performance, and improve fuel economy.
[0082] For convenience in explanation and accurate
definition in the appended claims, the terms "upper",
"lower", "inner", "outer", "up", "down", "upwards", "down-
wards", "front", "rear", "back", "inside", "outside", "inward-
ly", "outwardly", "interior", "exterior", "forwards", and
"backwards" are used to describe features of the exem-
plary embodiments with reference to the positions of such
features as displayed in the figures.
[0083] The foregoing descriptions of specific exempla-
ry embodiments of the present invention have been pre-
sented for purpose of illustration and description. They
are not intended to be exhaustive or to limit the invention
to the precise forms disclosed, and obviously many mod-
ifications and variations are possible in light of the above
teachings. The exemplary embodiments were chosen
and described in order to explain certain principles of the
invention and their practical application, to thereby ena-
ble others skilled in the art to make and utilize various
exemplary embodiments of the present invention, as well
as various alternatives and modifications thereof. It is
intended that the scope of the invention be defined by
the Claims appended hereto and their equivalents.

Claims

1. A device for purifying exhaust gas provided to purify
the exhaust gas in an engine, the device comprising:

an exhaust line through which the exhaust gas
discharged from the engine is configured to
pass;
a warm-up catalytic converter (WCC) that is dis-
posed in the exhaust line; and
a catalyst device disposed in a rear of the warm-
up catalytic converter for reducing a nitrogen ox-
ide of the exhaust gas passing through the
warm-up catalytic converter,
wherein the catalyst device includes an LTA ze-
olite catalyst.

2. The device of claim 1, wherein
a ratio of copper and aluminum of the LTA zeolite
catalyst is 11 to 16.

3. The device of claim 2, wherein
a content of the copper is 0.5 wt% to 5 wt% with
respect to an entire weight of the LTA zeolite catalyst.

4. The device of claim 3, further comprising:

an under floor catalytic converter disposed in a
rear of the catalyst unit.

5. The device of claim 4, wherein
the warm-up catalytic converter or the under floor
catalytic converter includes
a three-way catalyst converting toxic materials in-
cluding a carbon monoxide, a hydrocarbon, and a
nitrogen oxide included in the exhaust gas into harm-
less substances by an oxidation/reduction reaction.

6. The device of claim 1, wherein
the catalyst device includes a selective catalyst re-
duction (SCR).

7. The device of claim 1, wherein
the catalyst device includes an SGPF (SCR on GPF)
coated with a selective catalyst reduction (SCR) on
a gasoline particulate filter (GPF).
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