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DESCRIPTION
Technical Field

[0001] The present invention relates to an on-site regeneration method of a denitration 
catalyst in an exhaust gas purification system, in which a liquid reducing agent, such as 
alcohols, hydrocarbons, etc., is added in a purification system in an exhaust gas of an internal 
combustion engine or the like, in more detail a purification system of an exhaust gas of an 
internal combustion engine, for example, marine diesel engines, etc., or the like, to remove 
nitrogen oxides (NOx) and also make it possible to recover a performance of the denitration 
catalyst.

Background Art

[0002] In accordance with the International Convention for the Prevention of Pollution from 
Ships (MARPOL Convention), engines operating in the emission control areas (ECAs) must 
use emission controls that achieve an about 80% reduction in NOx emissions, with respect to 
ships newly built on or after 2016.

[0003] Conventionally, in SCR (selective catalytic reduction) denitration equipment installed in 
an exhaust passage of an internal combustion engine, for example, diesel engines, etc., or the 
like, a denitration reaction is not sufficient in a low-temperature exhaust gas atmosphere where 
an exhaust gas temperature of a vessel is 300°C or lower, and a denitration catalyst is 
poisoned by ammonium hydrogen sulfate (acidic ammonium sulfate) resulting from a reaction 
between a sulfur content contained in fuel oil and an ammonia component of a reducing agent. 
Thus, there was involved such a problem that it is difficult to achieve practical implementation.

[0004] Meanwhile, there are known denitration catalysts using an alcohol as a reducing agent 
and utilizing a zeolite capable of undergoing denitration in a low temperature region of about 
180 to 300°C. In those low-temperature active denitration catalysts, there is confirmed such a 
problem that the performance is lowered with a lapse of time during the denitration reaction 
due to deposition (caulking) of a carbon component derived from the alcohol used as the 
reducing agent onto the denitration catalyst.

[0005] In addition, it is confirmed that by extracting such a denitration catalyst whose 
performance has been lowered and heat treating it, the deposited carbon component 
detaches, whereby the performance is recovered.

[0006] For example, PTL 1 as described below discloses a method of reducing and removing
NOx in an exhaust gas by using an alcohol and/or an ether, such as methanol and/or dimethyl
ether, etc., as a reducing agent and a denitration catalyst of a proton-type β zeolite; and
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discloses a denitration catalyst regeneration system in which on that occasion, a denitration 
catalyst layer is disposed in each of exhaust gas treatment passages of branched at least two 
systems, one of the exhaust gas treatment passages is closed to stop the supply of the 
exhaust gas, and while continuing an exhaust gas treatment in the other exhaust gas 
treatment passage, the denitration catalyst layer of the exhaust gas treatment passage where 
the supply of the exhaust gas is stopped is heat treated (directly heated by a heater) at 350 to 
800°C on site, thereby recovering the lowered denitration performance.

[0007] In addition, in Fig. 2 of PTL 2 as described below, there are disclosed a denitration 
catalyst regeneration system as function recovery structure of a denitration catalyst of an 
exhaust treatment apparatus of automobile, in which a first reducing agent-charging pipe for 
charging a reducing agent at all times and a second reducing agent-charging pipe for charging 
a reducing agent in due time are installed, and furthermore, in which an oxidation catalyst is 
inserted with respect to regulation of a reducing agent supply pressure in association with an 
increase of a back pressure on the upstream side of the denitration catalyst. In the denitration 
catalyst regeneration system described in this PTL 2, it is described that the exhaust passing 
through the oxidation catalyst is activated even at the normal time, whereby the reactivity in the 
sequent denitration catalyst is increased, and furthermore, at the time when the function of the 
denitration catalyst is lowered due to deposition of a combustion residue, the activity of the 
oxidation catalyst is more increased by charging the reducing agent from the second system, 
thereby promoting perfect combustion of the combustion residue.
GB 2 448 993 A discloses a method for operating an aftertreatment device having a urea- 
based selective catalyst reduction (SCR) catalyst coupled downstream of an internal 
combustion engine 10. The method comprises establishing a threshold urea deposit 
accumulation for regeneration of the SCR catalyst 14 and determining that the threshold urea 
deposit accumulation in the SCR catalyst has been met. In addition excess urea is injected into 
the exhaust following regeneration to maintain optimum urea deposition in the SCR catalyst.
US 2006/032332 A1 relates to an exhaust system for an internal combustion engine, in 
particular in a motor vehicle, with an exhaust line in which an oxidation catalyst is provided for 
treatment of the exhaust gases coming from the internal combustion engine. To be able to 
heat the oxidation catalyst more rapidly in a cold start of the internal combustion engine, a pre­
oxidation unit may be provided in the exhaust line upstream from the oxidation catalyst and 
connected to a secondary fuel supply.

Citation List

Patent Literature

[0008]

PTL 1: JP-A-2006-220107
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PTL 2: JP-A-8-200048

Summary of the Invention

Problem to be Solved by the Invention

[0009] However, in the denitration catalyst purification system described in the above- 
described PTL 1, when the practical aspect (for example, vessels, etc.) is taken into 
consideration, there were involved such problems that the installation of a heater as a heat 
treatment means in a catalytic reactor section to regenerate the denitration catalyst results in 
not only increasing in size of equipment but also increasing in the cost of equipment; and that 
since the heater is operated by an electric power, the running cost is high.

[0010] In addition, even in the case of obtaining a heat source for the heater by heat exchange 
not from the electric power but from an exhaust gas, when an exhaust gas temperature (about 
300°C) of the internal combustion engine is taken into consideration, there was involved such a 
problem that it is difficult to heat the denitration catalyst in a temperature region of 350 to 
800°C required for recovery of the catalyst.

[0011] In addition, in the denitration catalyst purification system described in treatment is 
performed on site, namely on a job site by using the reducing agent, air, and a reducing agent 
oxidation catalyst layer as exclusively installed, without using a conventional special heating 
apparatus or a fuel, thereby making it possible to regenerate the denitration catalyst.

Means for Solving the Problem

[0012] In view of the foregoing circumstances, the present inventors made extensive and 
intensive investigations. As a result, it has been found that in performing the regeneration of a 
denitration catalyst by heating on site in a purification system of an exhaust gas of, for 
example, marine diesel engines, in a relatively low temperature region where an exhaust gas 
temperature is about 200 to 400°C, an oxidation heat of a reducing agent is utilized for a heat 
source; at the normal time, the reducing agent is utilized for a denitration reaction, whereas at 
the time of regeneration, a passage of the reducing agent is changed to introduce the reducing 
agent into an oxidation catalyst layer, thereby obtaining an oxidation heat by an oxidation 
reaction of the reducing agent; on that occasion, air heated by heat exchange with the exhaust 
gas by a heat exchanger is utilized as the heat source for causing the oxidation reaction; and 
after the regeneration treatment of the denitration catalyst, the passage of the reducing agent 
is changed, thereby enabling the system to return to the normal time (denitration reaction),
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leading to accomplishment of the present invention.

[0013] In order to achieve the foregoing object, an invention as set forth in claim 1 is proposed.

[0014] An invention as set forth in claim 2 is concerned with the on-site regeneration method of 
a denitration catalyst in an exhaust gas purification system according to claim 1, which is 
characterized in that a heating temperature of the denitration catalyst by the high-temperature 
oxidation reaction gas is 500°C or higher and 800°C or lower.

[0015] An invention as set forth in claim 3 is concerned with the on-site regeneration method of 
a denitration catalyst in an exhaust gas purification system according to claim 1 or 2, which is 
characterized in that a reducing agent supply branch line is provided on the way of a reducing 
agent supply main line for supplying the reducing agent into the exhaust gas on the upstream 
side of the denitration catalyst layer; meanwhile, an air supply branch line is provided on the 
way of an air supply main line for supplying air into the exhaust gas on the upstream side of 
the denitration catalyst layer; these reducing agent supply branch line and air supply branch 
line are connected to the reducing agent oxidation catalyst layer; and at the time of catalyst 
regeneration of the denitration catalyst layer, not only the supply of the reducing agent is 
switched from the reducing agent supply main line to the reducing agent supply branch line, 
but also the supply of air is switched from the air supply main line to the air supply branch line, 
thereby supplying the reducing agent and air into the reducing agent oxidation catalyst layer.

[0016] An invention as set forth in claim 4 is concerned with the on-site regeneration method of 
a denitration catalyst in an exhaust gas purification system according to claim 1 or 2, which is 
characterized in that a reducing agent supply sub line for supplying a reducing agent of the 
same kind as or a reducing agent of a different kind from the reducing agent to be supplied 
into the exhaust gas on the upstream side of the denitration catalyst layer is connected to the 
reducing agent oxidation catalyst layer; meanwhile, an air supply branch line is provided on the 
way of an air supply main line for supplying air into the exhaust gas on the upstream side of 
the denitration catalyst layer; this air supply branch line is connected to the reducing agent 
oxidation catalyst layer; and at the time of catalyst regeneration of the denitration catalyst 
layer, not only the reducing agent of the same or the reducing agent of a different kind is 
supplied from the reducing agent supply sub line into the reducing agent oxidation catalyst 
layer, but also the supply of air is switched from the air supply main line to the air supply 
branch line, thereby supplying air into the reducing agent oxidation catalyst layer.

[0017] An invention as set forth in claim 5 is concerned with the on-site regeneration method of 
a denitration catalyst in an exhaust gas purification system according to claim 1 or 2, which is 
characterized in that the reducing agent oxidation catalyst layer is provided with a reducing 
agent supply sub line for supplying a reducing agent of the same kind as or a reducing agent 
of a different kind from the reducing agent to be supplied into the exhaust gas on the upstream 
side of the denitration catalyst layer and an air supply sub line for supplying air into the 
reducing agent oxidation catalyst layer separately from a reducing agent supply main line for 
supplying a reducing agent into the exhaust gas on the upstream side of the denitration
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catalyst layer and an air supply main line for supplying air, respectively; and at the time of
catalyst regeneration of the denitration catalyst layer, not only the reducing agent of the same
or the reducing agent of a different kind is supplied from the reducing agent supply sub line
into the reducing agent oxidation catalyst layer, but also air is supplied from the air supply sub
line.

[0018] An invention as set forth in claim 6 is concerned with the on-site regeneration method of 
a denitration catalyst in an exhaust gas purification system according to any one of claims 1 to 
5, which is characterized in that a heat exchanger for air heating is installed in an exhaust 
passage on the downstream side of the denitration catalyst layer; in the heat exchanger, air is 
heated by an exhaust heat of a purified exhaust gas discharged from the denitration catalyst 
layer; and this heated air is supplied into the reducing agent oxidation catalyst layer, thereby 
causing an oxidation reaction of the reducing agent and the air.

[0019] An invention as set forth in claim 7 is concerned with the on-site regeneration method of 
a denitration catalyst in an exhaust gas purification system according to any one of claims 1 to 
3, which is characterized in that the reducing agent is at least one organic compound selected 
from the group consisting of alcohols, ethers, ketones, and hydrocarbons, and air is added to 
the exhaust gas on the upstream side of the denitration catalyst layer together with a vaporized 
reducing agent.

Advantageous Effects of the Invention

[0020] In accordance with the on-site regeneration method of a denitration catalyst in an 
exhaust gas purification system according to the present invention, a carbon component 
deposited on the denitration catalyst is removed by an appropriate heat treatment, whereby a 
denitration catalyst performance can be recovered, and the heat treatment is performed on 
site, namely on a job site by using a reducing agent, air, and a reducing agent oxidation 
catalyst layer as exclusively installed, without using a conventional special heating apparatus or 
a fuel, thereby making it possible to regenerate the denitration catalyst.

Brief Description of Drawings

[0021]

Fig. 1 is a flow sheet showing a first embodiment of an apparatus for carrying out an on-site 
regeneration method of a denitration catalyst in an exhaust gas purification system according 
to the present invention.

Fig. 2 is a flow sheet showing a second embodiment of an apparatus for carrying out an on­
site regeneration method of a denitration catalyst in an exhaust gas purification system
according to the present invention.
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Fig. 3 is a flow sheet showing a third embodiment of an apparatus for carrying out an on-site
regeneration method of a denitration catalyst in an exhaust gas purification system according
to the present invention.

Modes for Carrying out the Invention

[0022] Next, embodiments of the present invention are explained by reference to the 
accompanying drawings, but it should not be construed that the present invention is limited 
thereto.

[0023] Fig. 1 is a flow sheet showing a first embodiment of an apparatus for carrying out an 
on-site regeneration method of a denitration catalyst in an exhaust gas purification system 
according to the present invention.

[0024] When referring to Fig. 1, in purifying an exhaust gas of an internal combustion engine, 
such as marine diesel engines, etc., the exhaust gas purification system carries out a 
denitration catalyst (for example, Co/zeolite) system capable of undergoing denitration in a low 
temperature region of about 180 to 300°C by using an alcohol or the like (for example, 
ethanol) as a reducing agent. In this system, the reducing agent is mixed with air, introduced 
into a denitration catalyst reactor, and dispersed over the whole of the catalyst.

[0025] That is, a reducing agent-entrained air is added to an exhaust gas on the upstream 
side of a denitration catalyst layer (1) installed in an exhaust passage (line) (11) of an internal 
combustion engine, to reduce nitrogen oxides in the exhaust gas in the denitration catalyst 
layer (1). A purified gas which has been purified in the denitration catalyst layer (1) is 
discharged outside from an exhaust line (12).

[0026] Here, the reducing agent (for example, ethanol) is supplied by a line (13), whereas the 
air is supplied by a line (14). The reducing agent supply main line (13) and the air supply main 
line (14) are connected to a merge line (15), and the reducing agent is mixed with the air, 
introduced from the merge line (15) into the denitration catalyst layer (1) by a nozzle (16), and 
dispersed over the whole of the catalyst. Valves (21) and (22) are provided in the reducing 
agent supply main line (13), and valves (23) and (24) are provided in the air supply main line 
(14).

[0027] Examples of the denitration catalyst which is filled in the denitration catalyst layer (1) 
include catalysts having cobalt supported on zeolite, catalysts having vanadium supported on 
TiC>2, and catalysts having tungsten or molybdenum supported on T1O2; however, other 

catalysts may also be used so long as they are able to subject NOx to a reduction treatment.

[0028] In this embodiment, a honeycomb structure having cobalt/zeolite as the denitration
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catalyst supported thereon was filled. Here, the honeycomb structure is preferably one made 
of a glass paper. This honeycomb structure is preferably one produced by, for example, 
carrying out a step of calcining a commercially available glass paper to remove an organic 
binder component contained in the glass paper by burning; a step of coating a slurry 
containing cobalt/zeolite as the denitration catalyst on the glass paper from which the organic 
binder component has been removed; a step of forming the catalyst-containing slurry-coated 
glass paper in a corrugated plate shape; a step of drying the catalyst-containing slurry-coated 
glass paper formed in a corrugated plate shape; in the meanwhile, a step of drying a catalyst 
slurry-coated glass paper in a flat plate shape, which is not formed in a corrugated plate 
shape; a step of calcining the catalyst-containing slurry-coated glass paper in a corrugated 
plate shape and the catalyst slurry-coated glass paper in a flat plate shape, to form a catalyst- 
supported glass paper in a flat plate shape and a catalyst-supported glass paper in a 
corrugated plate shape; and a step of alternately stacking the catalyst-supported glass paper 
in a flat plate shape and the catalyst-supported glass paper in a corrugated plate shape after 
the calcination without being bonded, to form a catalyst-supported honeycomb structure.

[0029] Alternatively, the honeycomb structure is preferably one produced by, for example, 
carrying out a step of coating a slurry containing cobalt/zeolite as the denitration catalyst on a 
commercially available glass paper without removing an organic binder component contained 
in the commercially available glass paper by burning; a step of forming the catalyst-containing 
slurry-coated glass paper in a corrugated plate shape; a step of drying the catalyst-containing 
slurry-coated glass paper formed in a corrugated plate shape; in the meanwhile, a step of 
drying a catalyst slurry-coated glass paper in a flat plate shape, which is not formed in a 
corrugated plate shape, without removing an organic binder component contained in the 
commercially available glass paper by burning; a step of calcining the catalyst-containing 
slurry-coated glass paper in a corrugated plate shape and the catalyst slurry-coated glass 
paper in a flat plate shape, to form a catalyst-supported glass paper in a flat plate shape and a 
catalyst-supported glass paper in a corrugated plate shape; and a step of alternately stacking 
the catalyst-supported glass paper in a flat plate shape and the catalyst-supported glass paper 
in a corrugated plate shape after the calcination without being bonded, to form a catalyst- 
supported honeycomb structure.

[0030] Then, when the performance of the denitration catalyst filled in the denitration catalyst 
layer (1) has been lowered with a lapse of time, a regeneration treatment of the denitration 
catalyst is carried out by the on-site regeneration method of a denitration catalyst according to 
the present invention.

[0031] As shown in Fig. 1, a reducing agent oxidation catalyst layer (2) is installed together 
relative to the denitration catalyst layer (1). Then, a branch line (17) is connected to the 
reducing agent supply main line (13) between the valve (21) and the valve (22) of the line (13), 
whereas a branch line (18) is connected to the air supply main line (14) between the valve (23) 
and the valve (24) of the line (14); the reducing agent supply branch line (17) and the air 
supply branch line (18) are merged into a line (19); the reducing agent is mixed with air and 
supplied into the reducing agent oxidation catalyst layer (2) by the merge line (19); at the time
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of catalyst regeneration of the denitration catalyst layer (1), a high-temperature oxidation
reaction gas is produced by a reaction heat generated by an oxidation reaction ofthe reducing
agent and the air in this reducing agent oxidation catalyst layer (2); and this high-temperature
oxidation reaction gas is introduced from a line (20) into the denitration catalyst layer (1) to
heat the denitration catalyst, thereby regenerating the denitration catalyst.

[0032] Here, a valve (25) is provided in the reducing agent supply branch line (17), a valve 
(26) is provided in the air supply branch line (18), and a valve (27) is provided in the merge line 
(19).

[0033] In addition, a heat exchange (3) for air heating is installed in the exhaust line (12) on 
the downstream side of the denitration catalyst layer (1); and it is preferred that in the heat 
exchange (3), the air passing within the air supply branch line (18) is heated by an exhaust 
heat of the purified exhaust gas discharged from the denitration catalyst layer (1), and this 
heated air is merged with the reducing agent and supplied into the reducing agent oxidation 
catalyst layer (2), thereby causing an oxidation reaction ofthe reducing agent and the air. The 
purified gas discharged from the denitration catalyst layer (1) is allowed to pass through the 
heat exchanger (3) via the line (12), cooled here by means of heat exchange, and then 
discharged outside.

[0034] In the on-site regeneration method of a denitration catalyst in an exhaust gas 
purification system according to the present invention, a heating temperature ofthe denitration 
catalyst by the high-temperature oxidation reaction gas in the denitration catalyst layer (1) is 
preferably 500°C or higher and 800°C or lower.

[0035] A reason why the heating temperature of the denitration catalyst by the oxidation 
reaction gas is set to 800°C or lower resides in the matter that the denitration performance 
itself is lowered because of breakage of a crystal structure of the zeolite.

[0036] The compound which can be used as the liquid reducing agent is preferably at least 
one low-molecular weight organic compound selected from the group consisting of alcohols, 
such as methanol, ethanol, propanol, etc., ethers, such as diethyl ether, etc., ketones, such as 
methyl ethyl ketone, etc., and hydrocarbons, such as gas oil, kerosene, gasoline, etc.

[0037] In the first embodiment of the on-site regeneration method of a denitration catalyst in 
an exhaust gas purification system according to the present invention as shown in Fig. 1, the 
reducing agent supply branch line (17) is provided on the way of the reducing agent supply 
main line (13) for supplying a reducing agent into the exhaust gas on the upstream side of the 
denitration catalyst layer (1), whereas the air supply branch line (18) is provided on the way of 
the air supply main line (14) for supplying air into the exhaust gas on the upstream side of the 
denitration catalyst layer (1), and these reducing agent supply branch line (17) and air supply 
branch line (18) are connected to the merge line (19) going to the reducing agent oxidation 
catalyst layer (2).
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[0038] Then, at the time of catalyst regeneration of the denitration catalyst layer (1), not only 
the valve (22) of the reducing agent supply main line (13) is closed, and the valve (25) of the 
reducing agent supply branch line (17) is opened, thereby switching the supply ofthe reducing 
agent (for example, ethanol) from the reducing agent supply main line (13) to the reducing 
agent supply branch line (17), but also the valve (24) of the air supply main line (14) is closed, 
and the valve (26) ofthe air supply branch line (18) is opened, thereby switching the supply of 
air from the air supply main line (14) to the air supply branch line (18); and in the heat 
exchanger (3) installed in the exhaust line (12) on the downstream side of the denitration 
catalyst layer (1), the air passing within the air supply branch line (18) is heated by an exhaust 
heat of the purified exhaust gas, and this heated air is merged with the reducing agent in the 
merge line (19) and supplied into the reducing agent oxidation catalyst layer (2).

[0039] In this first embodiment, the heat exchanger (3) for air heating is installed in the purified 
gas exhaust line (12) on the downstream side of the denitration catalyst layer (1), and in the 
heat exchanger (3), the air is heated to a starting temperature (for example, 200°C) of the 
oxidation catalyst or higher by utilizing the exhaust heat of the purified exhaust gas discharged 
from the denitration catalyst layer (1). The air thus heated to the starting temperature of the 
oxidation catalyst or higher is introduced into the oxidation catalyst layer (2).

[0040] In the reducing agent oxidation catalyst layer (2), the introduced reducing agent is 
oxidized with an oxidation catalyst (for example, Ρί/Α^Οβ), and the air is heated by its oxidation 

heat. The thus heated air is introduced into the denitration catalyst layer (1) to make the 
circulating gas temperature within the denitration catalyst layer (1) to 500°C or higher. Then, 
by heating the catalyst by the circulating gas at 500°C or higher, the denitration catalyst is 
regenerated. After heating for a prescribed time (for example, one hour), the passages of the 
air and the reducing agent are returned to the original states, respectively.

[0041] The oxidation catalyst of the oxidation catalyst layer (2) for oxidizing the reducing agent 
is not limited only to general Pt/A^Oß. As a catalyst metal, it is possible to select platinum group 

metals, such as Ru, Rh, Pd, Os, Ir, Pt, Au, etc., transition metals, such as Fe, Ni, Co, etc., or 
composites of two or more kinds thereof; and as a carrier, it is possible to select metal oxides, 
such as AI2O3, S1O2, T1O2, SnO2, CeO2, etc.

[0042] Fig. 2 is a flow sheet showing a second embodiment of an apparatus for carrying out an 
on-site regeneration method of a denitration catalyst in an exhaust gas purification system 
according to the present invention.

[0043] When referring to Fig. 2, a point at which this second embodiment is different from the 
case of the first embodiment of the present invention as described above resides in the matter 
that a reducing agent of the same kind as or a reducing agent of a different kind from the 
reducing agent to be supplied into the exhaust gas on the upstream side of the denitration 
catalyst layer (1) is supplied into the reducing agent oxidation catalyst layer (2). That is, a 
reducing agent supply sub line (31) for supplying a reducing agent of the same kind as or a 
reducing agent (for example, methanol) of a different kind from the reducing agent (for
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example, ethanol) to be supplied into the exhaust gas on the upstream side of the denitration 
catalyst layer (1) is connected to the merge line (19) going to the reducing agent oxidation 
catalyst layer (2). A valve (32) is provided in the reducing agent supply sub line (31). 
Meanwhile, with respect to the supply of air, similar to the case of the first embodiment as 
described above, the air supply branch line (18) is provided on the way of the air supply main 
line (14) for supplying air into the exhaust gas on the upstream side of the denitration catalyst 
layer (1), and this air supply branch line (18) is connected to the merge line (19) going to the 
reducing agent oxidation catalyst layer (2).

[0044] Then, at the time of catalyst regeneration of the denitration catalyst layer (1), not only 
the valve (21) of the reducing agent supply main line (13) is closed, and the valve (32) of the 
reducing agent supply sub line (31) is opened, thereby switching the supply of the reducing 
agent to supply the reducing agent of the same kind or the reducing agent (for example, 
methanol) of a different kind from the reducing agent supply sub line (31) into the reducing 
agent oxidation catalyst layer (2), but also the valve (24) of the air supply main line (14) is 
closed, and the valve (26) of the air supply branch line (18) is opened, thereby switching the 
supply of air from the air supply main line (14) to the air supply branch line (18); and in the 
heat exchanger (3) installed in the exhaust line (12) on the downstream side of the denitration 
catalyst layer (1), the air passing within the air supply branch line (18) is heated by an exhaust 
heat of the purified exhaust gas, and this heated air is merged with the reducing agent and 
supplied into the reducing agent oxidation catalyst layer (2).

[0045] In the second embodiment of the present invention, other points are the same as those 
in the case of the first embodiment of the present invention as described above. Thus, in Fig. 
2, the same members as those in Fig. 1 as described above are given the same reference 
signs.

[0046] Fig. 3 is a flow sheet showing a third embodiment of an apparatus for carrying out an 
on-site regeneration method of a denitration catalyst in an exhaust gas purification system 
according to the present invention.

[0047] When referring to Fig. 3, a point at which this third embodiment is different from the 
case of the first embodiment of the present invention as described above resides in the matter 
that the reducing agent supply sub line (31) for supplying a reducing agent into the reducing 
agent oxidation catalyst layer (2) and an air supply sub line (33) for supplying air into the 
reducing agent oxidation catalyst layer (2) are provided separately from the reducing agent 
supply main line (13) for supplying a reducing agent into the exhaust gas on the upstream side 
of the denitration catalyst layer (1) and the air supply main line (14) for supplying air, 
respectively. That is, the reducing agent supply sub line (31) for supplying a reducing agent of 
the same kind as or a reducing agent (for example, methanol) of a different kind from the 
reducing agent (for example, ethanol) to be supplied into the exhaust gas on the upstream 
side of the denitration catalyst layer (1) is connected to the merge line (19) going to the 
reducing agent oxidation catalyst layer (2) (this point of issue is the same as that in the case of 
the second embodiment as described above). Meanwhile, with respect to the supply of air, the
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air supply sub line (33) for supplying air into the reducing agent oxidation catalyst layer (2) is 
provided separately from the air supply main line (14) for supplying air into the exhaust gas on 
the upstream side of the denitration catalyst layer (1). The valve (23) is provided in the air 
supply main line (14), and a valve (34) is provided in the air supply sub line (33). In addition, 
the heat exchanger (3) for air heating is installed in the exhaust line (12) on the downstream 
side of the denitration catalyst layer (1), and in the heat exchanger (3), the air passing within 
the air supply sub line (33) is heated by an exhaust heat of the purified exhaust gas discharged 
from the denitration catalyst layer (1). A tip of the air supply sub line (33) is connected to the 
merge line (19) going to the reducing agent oxidation catalyst layer (2).

[0048] Then, at the time of catalyst regeneration of the denitration catalyst layer (1), not only 
the valve (21) of the reducing agent supply main line (13) is closed, and the valve (32) of the 
reducing agent supply sub line (31) is opened, thereby switching the supply of the reducing 
agent to supply the reducing agent of the same kind or the reducing agent (for example, 
methanol) of a different kind from the reducing supply sub line (31) into the reducing agent 
oxidation catalyst layer (2), but also the valve (23) of the air supply main line (14) is closed, 
and the valve (34) of the air supply sub line (33) is opened, thereby switching the supply of air 
from the air supply main line (14) to the air supply sub line (33); and in the heat exchanger (3) 
installed in the exhaust line (12) on the downstream side of the denitration catalyst layer (1), 
the air passing within the air supply sub line (33) is heated by an exhaust heat of the purified 
exhaust gas, and this heated air is merged with the reducing agent and supplied into the 
reducing agent oxidation catalyst layer (2).

[0049] In the third embodiment of the present invention, other points are the same as those in 
the case of the first embodiment of the present invention as described above. Thus, in Fig. 3, 
the same members as those in Fig. 1 as described above are given the same reference signs.

[0050] In addition, the on-site regeneration method of a denitration catalyst in an exhaust gas 
purification system according to the present invention is, for example, carried out in other 
areas than ECA (Emission Control Area), or during a port call, or the like.

Examples

[0051] Next, Examples and Comparative Example of the present invention are explained, but it 
should not be construed that the present invention is limited to these Examples.

(Example 1)

[0052] The on-site regeneration method of a denitration catalyst in an exhaust gas purification
system according to the present invention was carried out using the apparatus shown in the
flow sheet shown in Fig. 1, and a change in NOx removal efficiency when the regeneration of a
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denitration catalyst was periodically performed was measured.

[0053] In purifying an exhaust gas of an internal combustion engine, such as a marine diesel 
engine, etc., a formulation of a pseudo-exhaust gas to be introduced into the denitration 
catalyst layer (1) was set to NO: 1,000 ppm, SO2: 540 ppm, SO3: 60 ppm, air: balance. In

addition, an exhaust gas flow rate was set to 100 Nm3/h, the moisture (H2O) was set to 10 

vol%, and ethanol was used in an amount of 2,000 ppm as the reducing agent.

[0054] Conditions of an evaluation test of denitration catalyst performance were summarized 
and shown in the following Table 1. In addition, a Co/zeolite denitration catalyst was used as 
the denitration catalyst capable of undergoing denitration at a temperature of 250°C in the 
denitration catalyst layer (1). The Co/zeolite denitration catalyst is one obtained by suspending 
10 g of a commercially available MFI type zeolite in an aqueous solution of 5.82 g of 
Co(NO3)2 H2O mixed in 194.18 g of ion exchange water, stirring the suspension at 80°C 

overnight, followed by filtration and washing, and then drying at a temperature 100°C for 3 
hours.
[Table 1]

Exhaust gas formulation

NO 1,000 ppm

SO2 540 ppm

SO3 60 ppm

Air Balance

Exhaust gas flow rate 100 Nm3/h

Reducing agent: EtOH 2,000 ppm

Moisture 10 (vol%)

Space velocity 5,000/h

Reaction temperature 250°C

[0055] To the exhaust gas on the upstream side of the denitration catalyst layer (1) installed in 
the exhaust passage (line) (11), a reducing agent-entrained air is added, and the nitrogen 
oxides in the exhaust gas are reduced in the denitrification catalyst layer (1), thereby purifying 
the exhaust gas. Here, the reducing agent composed of ethanol is supplied by the line (13), 
whereas the air is supplied by the line (14). The reducing agent-entrained air is introduced into 
the denitration catalyst layer (1) from the nozzle (16) by the merge line (15) and diffused over 
the whole of the catalyst.

[0056] By using a new article of the Co/zeolite denitration catalyst, the denitration reaction was
carried out for 10 hours. As a result, the NOx removal efficiency was 91 %.
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[0057] Subsequently, the above-described purification system of the exhaust gas was
operated for 100 hours, and thereafter, when the denitration performance of the catalyst of the
denitration catalyst layer (1) was lowered, the following catalyst regeneration treatment was
carried out.

[Regeneration Treatment]

[0058] At the time of catalyst regeneration of the denitration catalyst layer (1), not only the 
valve (22) of the reducing agent supply main line (13) was closed, and the valve (25) of the 
reducing agent supply branch line (17) was opened, thereby switching the supply of the 
reducing agent composed of ethanol from the reducing agent supply main line (13) to the 
reducing agent supply branch line (17), but also the valve (24) of the air supply main line (14) 
was closed, and the valve (26) of the air supply branch line (18) was opened, thereby switching 
the supply of air from the air supply main line (14) to the air supply branch line (18); and in the 
heat exchanger (3) installed in the exhaust line (12) on the downstream side of the denitration 
catalyst layer (1), the air passing within the air supply branch line (18) was heated by an 
exhaust heat of the purified exhaust gas, and this heated air was merged with the reducing 
agent in the merge line (19) and supplied into the reducing agent oxidation catalyst layer (2).

[0059] In this Example 1, PVAI2O3 was used as the oxidation catalyst of the reducing agent 

oxidation catalyst layer (2). Then, in the heat exchanger (3) for air heating installed in the 
purified gas exhaust line (12) on the downstream side of the denitration catalyst layer (1), the 
air was heated to a starting temperature (200°C) of the oxidation catalyst by utilizing the 
exhaust heat of the purified exhaust gas discharged from the denitration catalyst layer (1), and 
the air thus heated to the starting temperature of the oxidation catalyst or higher was 
introduced into the oxidation catalyst layer (2).

[0060] In the reducing agent oxidation catalyst layer (2), the introduced reducing agent was 
oxidized with the oxidation catalyst (PVAI2O3), and the air was heated by its oxidation heat. The 

thus heated air was introduced into the denitration catalyst layer (1) to make the circulating gas 
temperature within the denitration catalyst layer (1) to 400°C. Then, by heating the catalyst by 
the circulating gas at 400°C for one hour, the denitration catalyst was regenerated.

[0061] Subsequently, after subjecting the denitration catalyst to a regeneration treatment in 
this way, the passages of the air and the reducing agent were returned to the original states, 
respectively, and the denitration reaction was carried out by using the regenerated denitration 
catalyst. As a result, the NOx removal efficiency was 53%. A ratio to the new article, that is, a 
ratio of the NOx removal efficiency of the exhaust gas on the occasion of using this 
regenerated denitration catalyst to the NOx removal efficiency of the exhaust gas on the 
occasion of using the new article of the denitration catalyst was 0.58.

[0062] The heat treatment temperature (°C) and the heat treatment time (h) of the denitration
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catalyst layer (1) at the time of denitration catalyst regeneration, the NOx removal efficiency of
the exhaust gas on the occasion of using the regenerated denitration catalyst, and the ratio to
the new article are summarized and shown in the following Table 2.

(Examples 2 to 6)

[0063] The on-site regeneration method of a denitration catalyst in an exhaust gas purification 
system according to the present invention is carried out in the same manner as that in the case 
of the foregoing Example 1. A point different from the case of the foregoing Example 1 resides 
in the matter that the heat treatment temperature (°C) and/or the heat treatment time (h) of the 
denitration catalyst layer (1) at the time of denitration catalyst regeneration was changed.

[0064] That is, in Examples 2 to 4, the heat treatment temperature of the denitration catalyst 
layer (1) at the time of denitration catalyst regeneration was set to 450°C, 500°C, and 600°C, 
respectively. In addition, in Examples 5 and 6, while the heat treatment temperature (°C) of the 
denitration catalyst layer (1) at the time of denitration catalyst regeneration was each set to 
500°C, the heat treatment time was set to 0.5 hours and 2 hours, respectively.

[0065] Then, similar to the case of the foregoing Example 1, the purification system of exhaust 
gas was operated for 100 hours, and thereafter, when the performance of the denitration 
catalyst of the denitration catalyst layer (1) was lowered, the catalyst regeneration treatment 
was carried out by changing the heat treatment temperature (°C) and/or the heating treatment 
time (h) of the denitration catalyst layer (1) at the time of denitration catalyst regeneration as 
described above. In each of these Examples, after subjecting the denitration catalyst to a 
regeneration treatment in this way, the passages of the air and the reducing agent were 
returned to the original states, respectively, and the denitration reaction was carried out by 
using the regenerated denitration catalyst. The results of the obtained NOx removal efficiency 
and the ratio to the new article of the NOx removal efficiency of the regenerated denitration 
catalyst are summarized and shown in the following Table 2.

(Comparative Example 1)

[0066] By using the apparatus shown in the flow sheet shown in Fig. 1, the exhaust gas 
purification system was carried out in the same manner as that in the case of the foregoing 
Example 1; however, even when the performance of the catalyst of the denitration catalyst 
layer (1) had been lowered, the purification by denitration of the exhaust gas was continuously 
carried out for 100 hours as it was without carrying out the catalyst regeneration treatment, 
followed by measuring the NOx removal efficiency of the exhaust gas. The results of the 
obtained NOx removal efficiency and the ratio to the new article of the NOx removal efficiency 
at that time are summarized and shown in the following Table 2.
[Table 2]
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Heat treatment Catalyst performance

Temperature
(°C)

Time 
....(h)....

NOx removal 
efficiency (%)

Ratio to the new 
article

Example 1 400 1 53 0.58

Example 2 450 1 71 0.78

Example 3 500 1 88 0.97

Example 4 600 1 87 0.96

Example 5 500 0.5 75 0.82

Example 6 500 2 89 0.98

Comparative 
Example 1 - - 40 0.44

[0067] As is evident from the results of the foregoing Table 2, in accordance with the on-site 
regeneration method of a denitration catalyst in an exhaust gas purification system in 
Examples 1 to 6 according to the present invention, it was understood that a carbon 
component deposited on the denitration catalyst is removed by an appropriate heat treatment, 
whereby a denitration catalyst performance can be recovered, and the heat treatment is 
performed on site, namely on a job site by using a reducing agent, air, and a reducing agent 
oxidation catalyst layer as exclusively installed, without using a conventional special heating 
apparatus or a fuel, thereby making it possible to regenerate the denitration catalyst.

[0068] In addition, it is confirmed from the results of the foregoing Table 2 that as for the heat 
regeneration conditions of the denitration catalyst, the temperature is desirably 500°C or 
higher, and the time is desirably one hour or more.

(Example 7)

[0069] By using the apparatus shown in the flow sheet shown in Fig. 2, the on-site 
regeneration method of a denitration catalyst in an exhaust gas purification system according 
to the present invention was carried out, and a change of the NOx removal efficiency when the 
regeneration of the denitration catalyst was periodically performed was measured.

[0070] Here, a point different from the case of the foregoing Example 1 resides in the matter 
that the reducing agent composed of methanol which is different from the reducing agent 
composed of ethanol to be supplied into the exhaust gas on the upstream side of the 
denitration catalyst layer (1) was supplied into the reducing agent oxidation catalyst layer (2).

[0071] Then, at the time of catalyst regeneration of the denitration catalyst layer (1), not only
the valve (21) of the reducing agent supply main line (13) was closed, and the valve (32) of the
reducing agent supply sub line (31) was opened, thereby switching the supply of the reducing
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agent to supply the reducing agent composed of methanol of a different kind from the reducing 
supply sub line (31) into the reducing agent oxidation catalyst layer (2), but also the valve (24) 
of the air supply main line (14) was closed, and the valve (26) of the air supply branch line (18) 
was opened, thereby switching the supply of air from the air supply main line (14) to the air 
supply branch line (18); and in the heat exchanger (3) installed in the exhaust line (12) on the 
downstream side of the denitration catalyst layer (1), the air passing within the air supply 
branch line (18) was heated to 200°C by an exhaust heat of the purified exhaust gas, and the 
air thus heated to a starting temperature of the oxidation catalyst or higher was merged with 
the reducing agent composed of methanol and introduced into the reducing agent oxidation 
catalyst layer (2).

[0072] In the reducing agent oxidation catalyst layer (2), the introduced reducing agent is 
oxidized with the oxidation catalyst (PVAI2O3), and the air is heated by its oxidation heat. The 

thus heated air was introduced into the denitration catalyst layer (1) to make the circulating gas 
temperature within the denitration catalyst layer (1) to 500°C in the same manner as that in the 
case of the foregoing Example 3. Then, by heating the catalyst by the circulating gas at 500°C 
for one hour, the denitration catalyst was regenerated.

[0073] Subsequently, after subjecting the denitration catalyst to a regeneration treatment in 
this way, the passages of the air and the reducing agent were returned to the original states, 
respectively, and the denitration reaction was carried out by using the regenerated denitration 
catalyst. As a result, the NOx removal efficiency was 88%. A ratio to the new article, that is, a 
ratio of the NOx removal efficiency of the exhaust gas on the occasion of using this 
regenerated denitration catalyst to the NOx removal efficiency of the exhaust gas on the 
occasion of using the new article of the denitration catalyst was 0.97, and the same results as 
those in the case of the foregoing Example 3 were obtained.

Reference Signs List

[0074]

1:
Denitration catalyst layer

2:
Reducing agent oxidation catalyst layer 

3:
Heat exchanger for air heating

11:
Exhaust line of internal combustion engine (exhaust passage)

12:
Exhaust line

13:
Reducing agent supply main line
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14:
Air supply main line 

15:
Merge line

16:
Nozzle

17:
Branch line

18:
Air supply branch line 

19:
Merge line

20:
Line

21
to 27: Valve 

31:
Another reducing agent supply sub line 

32:
Valve

33:
Air supply sub line 

34:
Valve
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1. Fremgangsmåde til regenerering på stedet af en denitreringskatalysator i et 

afgangsgasoprensningssystem, hvor

i et afgangsgasoprensningssystem til oprensning af en afgangsgas ved tilsætning 

af et luftindblandet reduktionsmiddel til en afgangsgas på opstrømssiden af et 

denitreringskatalysatorlag (1), der er installeret i en afgangspassage (11) fra en 

intern forbrændingsmotor og reducerer nitrogenoxider i afgangsgassen i denitre- 

ringskatalysatorlaget (1), hvorved afgangsgassen oprenses, et reduktionsmiddel- 

oxideringskatalysatorlag (2) installeres sammen; hvor luft og et reduktionsmiddel 

af den samme type som eller et reduktionsmiddel af en anden type end redukti­

onsmidlet, der skal tilføres afgangsgassen på opstrømssiden af denitreringska- 

talysatorlaget (1), tilføres reduktionsmiddel-oxideringskatalysatorlaget (2) på tids­

punktet for katalysatorregenerering af denitreringskatylysatorlaget; 

mens, på tidspunktet for regenerering, en passage af reduktionsmidlet ændres til 

at indføre reduktionsmidlet i oxideringskatalysatorlaget (2), hvorved der opnås en 

oxideringsvarme ved en oxideringsreaktion af reduktionsmidlet, i denne forbin­

delse opvarmes luften ved hjælp af varmeudveksling med afgangsgassen ved 

hjælp af en varmeveksler og der produceres en højtemperatur-oxideringsreakti­

onsgas ved hjælp af en reaktionsvarme genereret af reduktionsmidlets oxide­

ringsreaktion og luften i dette reduktionsmiddel-oxideringskatalysatorlag (2) og 

denne højtemperatur-oxideringsreaktionsgas indføres fra en ledning (20) i de- 

nitreringskatalysatorlaget (1) for at opvarme denitreringskatalysatoren, hvorved 

denitreringskatalysatoren regenereres.

2. Fremgangsmåde til regenerering på stedet af en denitreringskatalysator i et 

afgangsgasoprensningssystem ifølge krav 1, der er kendetegnet ved, at en op­

varmningstemperatur for denitreringskatalysatoren ved hjælp af højtemperatur­

oxideringsreaktionsgassen er 500 °C eller højere og 800 °C eller lavere.

3. Fremgangsmåde til regenerering på stedet af en denitreringskatalysator i et 

afgangsgasoprensningssystem ifølge krav 1 eller 2, der er kendetegnet ved, 

at en reduktionsmiddelhovedtilførselsledning (17) tilvejebringes på føringen afen
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reduktionsmiddelhovedtilførselsledning (15) til tilførsel af reduktionsmidlet i af­

gangsgassen på opstrømssiden af denitreringskatalysatorlaget (1); mens en luft- 

hovedtilførselsledning (18) tilvejebringes på føringen af en hovedlufttilførselsled­

ning (14) til tilførsel af luft i afgangsgassen på opstrømssiden af denitreringska­

talysatorlaget (1); reduktionsmiddelhovedtilførselsledningen (17) og lufthovedtil- 

førselsledningen (18) forbindes med reduktionsmiddel-oxideringskatalysatorla- 

get (2); og på tidspunktet for katalysatorregenerering af denitreringskatalysator­

laget (1), ikke kun tilførslen af reduktionsmidlet omkobles fra reduktionsmiddel- 

hovedtilførselsledningen (15) til reduktionsmiddelhovedtilførselsledningen (17), 

men også tilførslen af luft omkobles fra hovedlufttilførselsledningen (14) til luftho- 

vedtilførselsledningen (18), hvorved reduktionsmidlet og luften tilføres i redukti- 

onsmiddel-oxideringskatalysatorlaget (2).

4. Fremgangsmåde til regenerering på stedet af en denitreringskatalysator i et 

afgangsgasoprensningssystem ifølge krav 1 eller 2, der er kendetegnet ved, 

at en reduktionsmiddeltilførselsunderledning (31) til tilførsel af et reduktionsmid­

del af den samme type som eller et reduktionsmiddel af en anden type end det 

reduktionsmiddel, der skal tilføres i afgangsgassen på opstrømssiden af denitre­

ringskatalysatorlaget (1), forbindes med reduktionsmiddel-oxideringskatalysator- 

laget (2); mens en lufthovedtilførselsledning (18) tilvejebringes på føringen af en 

hovedlufttilførselsledning (14) til tilførsel af luft i afgangsgassen på opstrømssi­

den af denitreringskatalysatorlaget (1); denne lufthovedtilførselsledning (18) for­

bindes med reduktionsmiddel-oxideringskatalysatorlaget (2); og på tidspunktet 

for katalysatorregenerering af denitreringskatalysatorlaget (1), ikke kun redukti­

onsmidlet af den samme eller reduktionsmidlet af en anden type tilføres fra re- 

duktionsmiddel-tilførselsunderledningen (31) i reduktionsmiddel-oxideringskata- 

lysatorlaget (2), men også tilførslen af luft omkobles fra hovedlufttilførselslednin­

gen (14) til lufthovedtilførselsledningen (18), hvorved luft tilføres i reduktionsmid- 

del-oxideringskatalysatorlaget (2).

5. Fremgangsmåde til regenerering på stedet af en denitreringskatalysator i et 

afgangsgasoprensningssystem ifølge krav 1 eller 2, der er kendetegnet ved,
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at reduktionsmiddel-oxideringskatalysatorlaget (2) forsynes med en reduktions- 

middel-tilførselsunderledning (31) til tilførsel af et reduktionsmiddel af den samme 

type som eller et reduktionsmiddel af en anden type end det reduktionsmiddel, 

der skal tilføres i afgangsgassen på opstrømssiden af denitreringskatalysatorla- 

get (1), og en lufttilførselsunderledning (33) til tilførsel af luft i reduktionsmiddel- 

oxideringskatalysatorlaget (2) adskilles fra henholdsvis en reduktionsmiddel-ho- 

vedtilførselsledning (13) til tilførsel af et reduktionsmiddel i afgangsgassen på op­

strømssiden af denitreringskatalysatorlaget (1) og en hovedlufttilførselsledning 

(14) til tilførsel af luft; og på tidspunktet for katalysatorregenerering af denitre­

ringskatalysatorlaget (1), ikke kun reduktionsmidlet af den samme eller redukti­

onsmidlet af en anden type tilføres fra reduktionsmiddel-tilførselsunderledningen 

(31) i reduktionsmiddel-oxideringskatalysatorlaget, men også luft tilføres fra luft­

tilførselsunderledningen (33).

6. Fremgangsmåde til regenerering på stedet af en denitreringskatalysator i et 

afgangsgasoprensningssystem ifølge et hvilket som helst af kravene 1 til 5, der 

er kendetegnet ved, at en varmeveksler (3) til luftopvarmning er installeret i en 

afgangspassage på nedstrømssiden af denitreringskatalysatorlaget (1); i varme­

veksleren (3) opvarmes luft ved hjælp af en afgangsvarme fra en oprenset af­

gangsgas udledt fra denitreringskatalysatorlaget (1); og denne opvarmede luft 

tilføres i reduktionsmiddel-oxideringskatalysatorlaget (2), hvilket bevirker en oxi­

deringsreaktion af reduktionsmidlet og luften.

7. Fremgangsmåde til regenerering på stedet af en denitreringskatalysator i et 

afgangsgasoprensningssystem ifølge et hvilket som helst af kravene 1 til 5, der 

er kendetegnet ved, at reduktionsmidlet er mindst én organisk forbindelse valgt 

fra gruppen bestående af alkoholer, ethere, ketoner og carbonhydrider, og luft 

tilsættes afgangsgassen på opstrømssiden af denitreringskatalysatorlaget sam­

men med et fordampet reduktionsmiddel.
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