DESCRIPTION

Title of Invention
METHOD FOR TREATING ACIDIC EXHAUST GAS, EQUIPMENT FOR
TREATING ACIDIC EXHAUST GAS, AND INCINERATION FACILITY

Technical Field
[0001] The present invention relates to a method for treating an acid exhaust
gas generated from an incinerator, an equipment for treating an acid exhaust gas,

and an incineration facility.

Background Art

[0002] Combustion exhaust gases discharged from incinerators in combustion
facilities contain acid gases being hazardous acid substances, such as hydrogen
chloride, sulfur oxides (SOy) such as sulfur dioxide, and nitrogen oxides (NOy)
such as nitrogen monoxide and nitrogen dioxide. Hence, prior to release of the
combustion exhaust gases into the air, these acid gases need to be removed.
Hereinafter, the combustion exhaust gas containing acid gases refers to an acid
exhaust gas.

[0003] PTL 1 describes a method for treating an acid exhaust gas in which
method acid substances such as hydrogen chloride, SOx and NOx are
simultaneously treated by bringing the acid exhaust gas generated in a
combustion facility into contact with a solid acid exhaust gas treatment agent

containing a layered double hydroxide.

Citation List
Patent Literature
[0004] PTL 1: JP 2016-190199 A

Summary of Invention

Technical Problem

[0005] However, the method for treating an acid exhaust gas described in PTL
1 has the following problem: due to the fact that the layered double hydroxide is

less likely to take in nitrogen monoxide as compared with hydrogen chloride and



SOy, the method cannot exhibit a sufficient treatment performance on nitrogen
monoxide accounting for much of NOx components in the acid exhaust gas.
Then, it is conceivable that, after oxidization of nitrogen monoxide to be
converted into nitrogen dioxide by an oxidation catalyst, the exhaust gas may be
brought into contact with an acid exhaust gas treatment agent containing the
layered double hydroxide as seen in the method for treating an acid exhaust gas
described in PTL 1; however, there is such a risk that the oxidation catalyst and
components in the acid exhaust gas react to produce reaction products and
impair the oxidation catalyst effect of the oxidation catalyst. If the oxidation
catalyst effect of the oxidation catalyst is impaired, a problem of deterioration of
treatment performance on nitrogen monoxide in the acid exhaust gas may arise.
[0006] In consideration of the above problem, the present invention has an
object to provide: a method for treating an acid exhaust gas, which method has a
high treatment capability on acid gases containing nitrogen oxides in the acid
exhaust gas; an equipment for treating an acid exhaust gas; and an incineration

facility.

Solution to Problem
[0007] As a result of exhaustive studies to solve the above problem, the present
inventors have found that the above problem can be solved by removal of SOy in
an acid exhaust gas by a layered double hydroxide, followed by oxidization of
nitrogen monoxide to be converted into nitrogen dioxide by a transition metal
oxide, leading to completion of the present invention.

That is, the present invention provides the following [1] to [13].
[1] A method for treating an acid exhaust gas generated from an incinerator,
including the following first to third steps:

the first step of bringing the acid exhaust gas generated from the
incinerator into contact with an anionic layered double hydroxide to remove
sulfur oxides in the acid exhaust gas;

the second step of bringing the acid exhaust gas having undergone the first
step into contact with a transition metal oxide to convert nitrogen monoxide in
the acid exhaust gas into nitrogen dioxide; and

the third step of removing nitrogen oxides in the acid exhaust gas having

undergone the second step.



[2] The method for treating an acid exhaust gas according to the above [1],
wherein in the third step, nitrogen oxides and hydrogen chloride in the acid
exhaust gas having undergone the second step are removed.
[3] The method for treating an acid exhaust gas according to [1] or [2], wherein
the anionic layered double hydroxide is a COs-type Mg-Al layered double
hydroxide.
[4] The method for treating an acid exhaust gas according to any one of the above
[1] to [3], wherein the transition metal oxide is a y-type manganese dioxide.
[5] The method for treating an acid exhaust gas according to any one of the above
[1] to [4], wherein in the third step, the acid exhaust gas having undergone the
second step is brought into contact with an anionic layered double hydroxide to
remove nitrogen oxides in the acid exhaust gas.
[6] The method for treating an acid exhaust gas according to any one of the above
[1] to [5], wherein in the first step, the acid exhaust gas is selectively introduced
to any one path among a plurality of paths each containing an anionic layered
double hydroxide, and while the acid exhaust gas is brought into contact with the
anionic layered double hydroxide contained in the one path, the anionic layered
double hydroxides contained in the other paths among the plurality of paths are
regenerated.
[7] The method for treating an acid exhaust gas according to any one of the above
[1] to [6], wherein in the third step, the acid exhaust gas is selectively introduced
to any one path among a plurality of paths each containing an anionic layered
double hydroxide, and while the acid exhaust gas is brought into contact with the
anionic layered double hydroxide contained in the one path, the anionic layered
double hydroxides contained in the other paths among the plurality of paths are
regenerated.
[8] An equipment for treating an acid exhaust gas, including means for carrying
out the method for treating an acid exhaust gas according to any one of the above
[1] to [7].
[9] The equipment for treating an acid exhaust gas according to the above [8],
including:

a first accommodation section that accommodates the anionic layered
double hydroxide to be used in the first step;

a second accommodation section that accommodates the transition metal

oxide to be used in the second step;



a third accommodation section that accommodates the anionic layered
double hydroxide to be used in the third step; and

respective pipes to introduce the acid exhaust gas generated from the
incinerator to the first accommodation section, to introduce the gas discharged
from the first accommodation section to the second accommodation section, and
to introduce the gas discharged from the second accommodation section to the
third accommodation section.
[10] The equipment for treating an acid exhaust gas according to the above [9],
wherein the first accommodation section includes:

a first container and a second container that each accommodate the anionic
layered double hydroxide, and

a first switching valve to selectively introduce the acid exhaust gas
generated from the incinerator to the first container or the second container.
[11] The equipment for treating an acid exhaust gas according to the above [9] or
[10], further including a first concentration detection device, arranged on the
upstream side of the second accommodation section, to continuously detect the
concentration of sulfur oxides in the acid exhaust gas discharged from the first
accommodation section.
[12] The equipment for treating an acid exhaust gas according to any one of the
above [9] to [11], wherein the third accommodation section includes:

a third container and a fourth container that each accommodate the
anionic layered double hydroxide, and further,

a second switching valve to selectively introduce the gas discharged from
the second accommodation section to the third container or the fourth container.
[13] An incineration facility, including: an incinerator; and the equipment for

treating an acid exhaust gas according to any one of the above [8] to [12].

Advantageous Effects of Invention

[0008] According to the present invention, there can be provided a method for
treating an acid exhaust gas, which method has a high treatment capability on
acid gases containing nitrogen oxides in the acid exhaust gas, an equipment for

treating the acid exhaust gas, and an incineration facility.

Brief Description of Drawings
[0009]



[Fig. 1] Fig. 1 is a schematic constitution diagram showing one example of an
equipment for treating an acid exhaust gas and an incineration facility according
to embodiments of the present invention.

[Fig. 2] Fig. 2 is a block diagram of a control circuit for the equipment for treating

an acid exhaust gas.

Description of Embodiments
[0010] Hereinafter, there will be described a method for treating an acid
exhaust gas, an equipment for treating the acid exhaust gas, and an incineration
facility.
[0011] [Method for treating an acid exhaust gasl

A method for treating an acid exhaust gas according to an embodiment of
the present invention is a method for treating the acid exhaust gas generated
from an incinerator, and includes the following first to third steps:
- the first step: the acid exhaust gas generated from the incinerator is brought
into contact with an anionic layered double hydroxide to remove sulfur oxides in
the acid exhaust gas;
- the second step: the acid exhaust gas having undergone the first step is brought
into contact with a transition metal oxide to convert nitrogen monoxide in the
acid exhaust gas into nitrogen dioxide; and
- the third step: nitrogen oxides in the acid exhaust gas having undergone the
second step are removed.
[0012] In the method for treating an acid exhaust gas, first, in the first step, by
bringing the acid exhaust gas generated from the incinerator into contact with an
anionic layered double hydroxide, sulfur oxides (SOy) among acid gas components
in the acid exhaust gas are removed. Then, in the second step, by bringing the
acid exhaust gas having undergone the first step into contact with a transition
metal oxide, nitrogen monoxide (NO) among acid gas components in the acid
exhaust gas is converted into nitrogen dioxide (NOs) by an oxidation catalyst
action of the transition metal oxide. Thereafter, in the third step, nitrogen
oxides (NOy) are removed from the acid exhaust gas having undergone the second
step. For example, in the third step, the acid exhaust gas having undergone the
second step is brought into contact with an anionic layered double hydroxide to

remove NOs.



The method for treating an acid exhaust gas has a high treatment
capability on acid gases containing nitrogen oxides (NOy) in the acid exhaust gas.
The reason for this effect being attained is, though not especially limited to,
conceivably the following reason.

[0013] In the method for treating an acid exhaust gas, SOx are removed in the
first step, and in the second step, the oxidation catalyst action of the transition
metal oxide enables to fully oxidize NO accounting for much of NOx components
in the acid exhaust gas and converted into NOz. The NOg formed is removed by
the third step. Thus, SOx and NOy are removed highly efficiently. Further,
since after SOx are removed in the first step, the acid exhaust gas is brought into
contact with a transition metal oxide in the second step, the poisoning action by
reaction of the transition metal oxide with SOx 1s suppressed. Hence, the
oxidation catalyst action of the transition metal oxide is prevented from being
impaired and the oxidation catalyst effect is retained. Additionally, at least part
of hydrogen chloride in the acid exhaust gas is removed in the first step and in
the case where the third step uses an anionic layered double hydroxide, also in
the third step, hydrogen chloride is removed.

Thus, the method for treating an acid exhaust gas can be made to be one in
which SOy, NOy and hydrogen chloride can fully be removed, and moreover, the
oxidation catalyst effect of the transition metal oxide can be maintained, and in
their turn, which has a high treatment capability on acid gases containing
nitrogen oxides in the acid exhaust gas.

Hereinafter, each step will be described in detail.

[0014] <First step>

In the first step, by bringing an acid exhaust gas generated from an
incinerator into contact with an anionic layered double hydroxide, SOy in the acid
exhaust gas are removed.

The anionic layered double hydroxide has a structure in which a layered
hydroxide base layer and a middle layer composed of interlayer anions and
interlayer water are alternately stacked, and since the anionic layered double
hydroxide exchanges the interlayer anions with SOy in a form of sulfate ions and
takes in the components, SOx can be removed from the acid exhaust gas.
Further, since the anionic layered double hydroxide exchanges the interlayer

anion with hydrogen chloride in a form of chloride ions and takes in also the



hydrogen chloride, in the first step, at least a part of hydrogen chloride in the
acid exhaust gas is removed.
[0015] (Anionic layered double hydroxide)

The anionic layered double hydroxide to be used as an acid exhaust gas
treatment agent in the first step includes COs-type Mg-Al layered double
hydroxides, SO4-type Mg-Al layered double hydroxides and NOs-type Mg-Al
layered double hydroxides. Among these, from the viewpoint of target anions as
the acid exhaust gas treatment agent, a COs-type Mg-Al layered double
hydroxide is preferable.

The COs-type Mg-Al layered double hydroxide is a nanoparticle having a
structure in which a hydroxide base layer ([Mg2+;—xAl3*,(OH)3]) and a middle
layer ([(CO32)y2-yH20]) constituted of interlayer carbonate ions and interlayer
water are alternately stacked. The COs-type Mg-Al layered double hydroxide is
a non-stoichiometric compound in which the hydroxide base layer has a positive
charge equivalent to x, and the carbonate ions are present as a negative ion
having a negative charge compensating for the positive charge, in the middle
layer.

The anionic layered double hydroxide represented by the COs-type Mg-Al
layered double hydroxide, while holding the hydroxide base layer, can take in
acid gases such as hydrogen chloride, sulfur dioxide (SO2) and NOgz between the
layers. Hence, the anionic layered double hydroxide is preferably used for the
acid exhaust gas treatment to remove the acid gases. In the anionic layered
double hydroxide, however, since the solubility of NO to the interlayer water is
low as compared with hydrogen chloride, SO2 and NOg, NO is less likely to be
taken in as compared with these acid components.

[0016] Then, when the COs-type Mg-Al layered double hydroxide is used for the
acid exhaust gas treatment, there may be concurrently used with layered double
hydroxides other than the COs-type Mg-Al layered double hydroxide, or chemical
agents other than the layered double hydroxides, for example, calcium hydroxide
(slaked lime), calcium oxide, sodium bicarbonate, sodium carbonate, dolomite
hydroxide, soft-burned dolomite, aluminum hydroxide, aluminum oxide,
magnesium hydroxide and magnesium oxide. However, from the viewpoint of
efficiently regenerating and reutilizing the COs-type Mg-Al layered double
hydroxide, it is preferable that the other layered double hydroxides and the

chemical agents are made to be not mixedly present.



[0017] As the COs-type Mg-Al layered double hydroxide, a naturally produced
clay mineral also exists as hydrotalcite, but usually, a synthesized powder is used.
A synthesis method is not especially limited, and a well-known method (for
example, a method described in the above PTL 1) can be used.

A COs-type Mg-Al layered double hydroxide can be obtained, for example,
by dropwise charging an aqueous solution in which magnesium nitrate
(Mg(NOs3)2) and aluminum nitrate (AI(INO3)3) are mixed in Mg/Al = 2/1 (in molar
ratio) to a sodium carbonate (Na2CQOs) aqueous solution, with the pH being held
at 10.5.

[0018] (Regeneration of the anionic layered double hydroxide)

In the COs-type Mg-Al layered double hydroxide used for the acid exhaust
gas treatment, when the acid gases are taken in between the layers, interlayer
carbonate ions are exchanged with other anions originated from the acid exhaust
gas, such as chloride ions, sulfate ions and nitrate ions. An Mg-Al layered
double hydroxide thus anion-exchanged with anions originated from the acid
exhaust gas has no capability of further removing the acid exhaust gas. Hence,
the Mg-Al layered double hydroxide is regenerated, again by anion-exchange,
into the COs-type Mg-Al layered double hydroxide, which is provided to be
reutilized.

[0019] In the first step, it is preferable that the acid exhaust gas is selectively
introduced to any one path among a plurality of paths each containing the
anionic layered double hydroxide, and while the acid exhaust gas is brought into
contact with the anionic layered double hydroxide contained in the one path, the
anionic layered double hydroxides contained in the other paths among the
plurality of paths are regenerated.

[0020] The Mg-Al layered double hydroxide, which is a layered double
hydroxide used in the acid exhaust gas treatment, anion-exchanged with anions
originated from the acid exhaust gas can be regenerated by using an anion
compound. The Mg-Al layered double hydroxide can be regenerated, for
example, by being brought into contact with carbon dioxide gas or a carbonate
salt in a wet atmosphere where moisture is present in a large amount, to be
subjected to an ion-exchange reaction. The Mg-Al layered double hydroxide can
be regenerated into the COs-type Mg-Al layered double hydroxide by being
subjected to anion-exchange using a mixed gas at 70°C or higher containing

water and carbon dioxide having a concentration of 5% by volume or higher.



The spent layered double hydroxide may be regenerated thereto by using a
carbonate aqueous solution.

The regeneration method using gas contact is efficient as means for
regeneration into the COs-type Mg-Al layered double hydroxide as compared with
the method using a carbonate aqueous solution, which is liquid.

[0021] <Second step>

In the second step, by bringing the acid exhaust gas having undergone the
first step into contact with a transition metal oxide, NO in the acid exhaust gas is
oxidized into NOz2. Then, the NO2 formed in the second step is removed in the
third step described later.

[0022] (Transition metal oxide)

The transition metal oxide to be used in the second step acts as an
oxidation catalyst on acid gases. Thereby, NO contained in the acid exhaust gas
1s oxidized and converted into NOs.

The transition metal oxide includes manganese dioxide, iron oxide,
vanadium oxide, titanium dioxide and copper oxide. Among these, from the
viewpoint of the oxidation catalyst effect, manganese dioxide and vanadium oxide
are preferable; from the viewpoint of the cost and the easy availability,
manganese dioxide is more preferable; and from the viewpoint of the conversion
rate from NO into NOsg, a y-type manganese dioxide is especially preferable.

The transition metal oxide activates the reaction of NO with Oz and
thereby oxidizes and converts NO in the acid exhaust gas into NOo.

The transition metal oxide, as long as not being brought into contact with
any substance having a specific poisoning action, such as sulfur oxides,
continuously exhibits the acidic catalyst action.

[0023] <Third step>

In the third step, NOx in the acid exhaust gas having undergone the second
step are removed.

In the third step, it is preferable that by bringing the acid exhaust gas
having undergone the second step into contact with an anionic layered double
hydroxide, NOx in the acid exhaust gas are removed.

As the anionic layered double hydroxide, the same one as used in the first
step can be used.

In the third step, by using the anionic layered double hydroxide as an acid

exhaust gas treatment agent in the third step, in addition to NOx in the acid
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exhaust gas having undergone the second step, hydrogen chloride can also be
removed.

[0024] In the third step, it is preferable that the acid exhaust gas is selectively
introduced to any one path among a plurality of paths each containing the
anionic layered double hydroxide, and while the acid exhaust gas is brought into
contact with the anionic layered double hydroxide contained in the one path, the
anionic layered double hydroxides contained in the other paths among the
plurality of paths are regenerated.

By thus making the configuration, the treatment of the acid exhaust gas
can continuously be carried out and it can be avoided that gasses insufficiently
treated are discharged and the incineration is halted.

A method for regenerating the anionic layered double hydroxide can adopt
the same one as described in the first step.

[0025] [Equipmet for treating an acid exhaust gas]

An equipment for treating an acid exhaust gas according to an embodiment
of the present invention has means for carrying out the above method for treating
an acid exhaust gas.

In the equipment for treating an acid exhaust gas, examples of means for
carrying out the above-mentioned first step include a unit including a first
accommodation section containing a container that accommodates the anionic
layered double hydroxide, and a pipe connected to the first accommodation
section to introduce the acid exhaust gas generated from the incinerator to the
first accommodation section. Hereinafter, the unit is referred to as "first unit"
in some cases.

Then, examples of means for carrying out the above-mentioned second step
include a unit including a second accommodation section containing a container
that accommodates the transition metal oxide, and a pipe connected to the second
accommodation section to introduce the gas discharged from the first
accommodation section to the second accommodation section. Hereinafter, the
unit is referred to as "second unit" in some cases.

Further, examples of means for carrying out the above-mentioned third
step include a unit including a third accommodation section containing a
container that accommodates the anionic layered double hydroxide, and a pipe

connected to the third accommodation section to introduce the gas discharged
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from the second accommodation section to the third accommodation section.
Hereinafter, the unit is referred to as "third unit" in some cases.

The above each pipe constitutes a flue through which the gas to be treated
flow. Then, in the following description, in the cases of referring to "upstream",
"downstream", "upstream side", "downstream side", "inlet" and "outlet", the cases
are based on the flowing direction of the gas to be treated.

[0026] In the equipment for treating an acid exhaust gas, the first unit, the
second unit and the third unit are installed in the state of being connected in
series by in this order. Then, by introducing the acid exhaust gas generated
from the incinerator to an inlet of the first unit, the above-mentioned first step,
second step and third step are carried out. Thereby, as described above, acid gas
components such as SOx, NOx and hydrogen chloride are fully removed. Then,
the gas treated in which the acid gas components have been removed is
discharged from an outlet of the third unit.

[0027] The first accommodation section may include a first container and a
second container each containing the anionic layered double hydroxide, and
further a first switching valve to selectively introduce the acid exhaust gas
generated from the incinerator to the first container or the second container.

By equipping the first switching valve, in the case where there is lowered
the treatment capability of the acid exhaust gas by the anionic layered double
hydroxide accommodated in one of the first and second containers, by introducing
the gas to the other container of the first and second containers through the first
switching valve, and using the anionic layered double hydroxide which is
accommodated in the other container and whose treatment capability is not
lowered, the treatment of the acid exhaust gas can be continued without lowering
the treatment capability.

[0028] The equipment for treating an acid exhaust gas may further include a
first concentration detection device arranged on the upstream side of the second
accommodation section to continuously detect the concentration of SOx in the acid
exhaust gas discharged from the first accommodation section.

By equipping the first concentration detection device, a rise in the
concentration of SOy in the gas to be introduced to the second accommodation
section can be grasped before the transition metal oxide in the second
accommodation section is poisoned by SOx. Then, as described above, in the case

of adopting the constitution in which the plurality of containers via the first
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switching valve each accommodate the anionic layered double hydroxide, by
switching, by the first switching valve, one container whose treatment efficiency
of SOx is lowered to the other container whose treatment efficiency is not lowered,
the treatment of the acid exhaust gas can be continued without lowering the
treatment capability.

[0029] The third accommodation section also may have a constitution in which
the third accommodation section includes a third container and a fourth
container each containing the anionic layered double hydroxide, and further a
second switching valve to selectively introduce the acid exhaust gas discharged
from the second accommodation section to the third container or the fourth
container.

By equipping the second switching valve, in the case where there is
lowered the treatment capability of the acid exhaust gas of one container of the
third and fourth containers, by introducing the gas to the other container of the
third and fourth containers through the second switching valve, and using the
anionic layered double hydroxide which is accommodated in the other container
and whose treatment capability of the acid exhaust gas is not lowered, the
treatment of the acid exhaust gas can be continued without lowering the
treatment capability.

[0030] The equipment for treating an acid exhaust gas may further include a
second concentration detection device arranged on the upstream side of the third
accommodation section to continuously detect the concentration of NOy in the
acid exhaust gas discharged from the second accommodation section. It is
preferable that the second concentration detection device is one to continuously
detect the concentrations of NOx and hydrogen chloride in the acid exhaust gas.

By equipping the second concentration detection device, a rise in the
concentration of NOx in the gas can be grasped in the downstream of the second
accommodation section; and it can be detected that there are such a possibility
that the treatment efficiency of NO in the second unit is lowered due to poisoning
of the transition metal oxide in the second accommodation section by SO, and
such a possibility that the treatment capability of NOx is lowered due to
poisoning of the anionic layered double hydroxide in the third accommodation
section by NOx. Then, as described above, in the case where the plurality of
containers via the first switching valve each accommodate the anionic layered

double hydroxide, by switching, by the first switching valve, one container whose
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treatment efficiency of SOx is lowered to the other container whose treatment
efficiency is not lowered; and in the case where the plurality of containers via the
second switching valve each accommodate the anionic layered double hydroxide,
by switching, by the second switching valve, one container whose treatment
efficiency of NOx is lowered to the other container whose treatment efficiency is
not lowered, the treatment of the acid exhaust gas can be continued without
lowering the treatment capability.

[0031] [Incineration facility]

An incineration facility according to an embodiment of the present
invention includes an incinerator and the above equipment for treating an acid
exhaust gas.

The equipment for treating an acid exhaust gas is installed in the
downstream of the incinerator, and takes in an acid exhaust gas discharged from
the incinerator and carries out the above-mentioned first step to the third step to
thereby treat the acid exhaust gas.

[0032] [Specific examples of the incineration facility including the equipment
for treating an acid exhaust gas]

Hereinafter, specific examples of the incineration facility including the
equipment for treating an acid exhaust gas will be described by using the
drawings.

Fig. 1 is a schematic constitution diagram showing one example of the
incineration facility including the equipment for treating an acid exhaust gas
according to the embodiment of the present invention. The present invention is
not limited to the constitution shown in figure.

[0033] A combustion facility 100 shown in Fig. 1 has an incinerator 11, a boiler
12, a gas cooling apparatus 13, a dust collector 14, an induced draft fan 15 and a
stack 16, and pipes 21 to 34 successively connecting these to form flues.

Then, the combustion facility 100 has an equipment for treating an acid
exhaust gas, 80, including a first container 40a and a second container 40b
constituting a first accommodation section that accommodates a layered double
hydroxide being an acid exhaust gas treatment agent, a container 41 constituting
a second accommodation section that accommodates a transition metal oxide
being an oxidation catalyst, and a third container 42a and a fourth container 42b
constituting a third accommodation section that accommodates a layered double

hydroxide being an acid exhaust gas treatment agent.
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The upstream sides of the first container 40 and the second container 41
that each accommodate the layered double hydroxide are connected to a first
switching valve through pipes 25 and 26, respectively. Further, the upstream
sides of the third container 42 and the fourth container 43 that each
accommodate the layered double hydroxide are connected to a second switching
valve 46 through pipes 30 and 31, respectively.

[0034] In the incineration facility 100, a unit 50 is a first unit to carry out the
above-mentioned first step, the unit 50 being constituted of the first container
40a and the second container 40b that each accommodate the anionic layered
double hydroxide, the pipes 24 to 26 to introduce the acid exhaust gas generated
from the incinerator 11 to the first container 40a and the second container 40b,
and the first switching valve 45 installed between the pipe 24 and the pipes 25,
26.

Further, a unit 60 is a second unit to carry out the above-mentioned second
step, the unit 60 being constituted of the container 41 that accommodates the
transition metal oxide, the pipe 29 to introduce the gas discharged from the first
unit 50 to the container 41, the pipe 27 to connect the first container 40a and the
container 41, and the pipe 28 to connect the second container 40b and the
container 41.

Further, a unit 70 is a third unit to carry out the above-mentioned third
step, the unit 70 being constituted of the third container 42a and the fourth
container 42b that each accommodate the anionic layered double hydroxide, the
pipes 29 to 31 to introduce the gas discharged from the second unit 60 to the
third container 42a and the fourth container 42b, and the second switching valve
46 installed between the pipe 29 and the pipes 30, 31.

[0035] On the upstream side of the second accommodation section, first
concentration detection devices to continuously detect the concentration of SOx in
the acid exhaust gas discharged from the first accommodation section are
installed.

More Specifically, the first concentration detection devices Sla, S1b are
installed at an inlet of the second container 41 on the side of the pipe 27
connected to the first container 40a and at an inlet of the second container 41 on
the side of the pipe 28 connected to the second container 40b, respectively.

Further, in the downstream of the third accommodation section, second

concentration detection devices to continuously detect the concentration of NOx
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and hydrogen chloride in the gas discharged from the third accommodation
section are installed.

More Specifically, the second concentration detection devices S2a, S2b are
installed at an inlet of the induced draft fan 15 on the side of the pipe 32
connected to the third container 42a and at an inlet of the induced draft fan 15 on
the side of the pipe 33 connected to the fourth container 42b, respectively.

The first switching valve 45 and the second switching valve 46 are
controlled by a control device not shown in figure, based on outputs from the first
concentration detection devices S1la, S1b and the second concentration detection
devices S2a, S2b.

[0036] Fig. 2 is a block diagram of a control circuit for the equipment for
treating an acid exhaust gas, 80.

As shown in Fig. 2, the control circuit 101 contains a control device 90
constituted of CPU and the like and to control the whole, the first concentration
measurement devices Sla, S1b, the second concentration measurement devices
S2a and S2b, the first switching valve 45, the second switching valve 46, an
alarm 91 to issue an alarm to a manager by display, voice and the like, a memory
device 92 constituted of ROM, RAM, HDD, SSD and the like to memory various
kinds of information necessary for the control, a communication device 93 to send
and receive necessary information by being connected to a control room to which
the manager belongs, a cloud and the like, and other devices 94. Then, the
control circuit 90 may be incorporated in a control circuit for the whole of the
incineration facility 100. In this case, the control and communication of other
devices not contained in the equipment for treating an acid exhaust gas, 80, come
to be also carried out by the control circuit 90.

[0037] The control device 90 receives outputs from the first concentration
measurement devices Sla, S1b and the second concentration measurement
devices S2a, S2b, records the result of the outputs on the memory device 92, and
outputs the result outside through the communication device 93. Then, the
signal is compared with information memorized in the memory device 92, and
based on the comparing result, the first switching valve 45 and the second
switching valve 46 are controlled; and the alarm 91 is operated to issue an alarm.

Then, the concentration measurement devices may also be ones which can
measure, in addition to concentrations of acid gas components, the flow rates of

the gas to be treated.
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[0038] Then, there will be described the operation of the incineration facility
100 including the equipment for treating an acid exhaust gas, 80.

First, an acid exhaust gas generated in the incinerator 11 is heat recovered
by the boiler 12, cooled by the cooling apparatus 13, thereafter, collected by the
dust collector 14, and introduced to the first unit 50 of the equipment for treating
an acid exhaust gas, 80. At this time, the switching valve 45 selects one of the
first container 40 and the second container 41; and the switching valve 46 selects
one of the third container 42 and the fourth container 43. Here, in the initial
state, any of the anionic layered double hydroxides accommodated in the first to
fourth containers is one not having been used for the treatment of the acid
exhaust gas or one having been regenerated, and is the one in the state that the
treatment capability is not lowered.

Then, the above-mentioned first to third steps are carried out in the first to
third units on the acid exhaust gas. Thereby, there are fully removed SOx, NOx
and hydrogen chloride being acid gas components in the acid exhaust gas.

The treatment is finished and the gas from which the acid gas components
have been removed is discharged from the third unit 70 and released through the
induced draft fan 15 from the stack 16 to the outside.

[0039] The control device 90, when outputs from the concentration
measurement devices Sla, S1b, S2a, S2b become coincident with predetermined
conditions, controls the switching valves 45, 46 and makes them to carry out
switching operation.

Specifically, when through the switching valve 45, the acid exhaust gas is
introduced to one of the first container 40a and the second container 40D, in the
case where it is detected by one of the first concentration measurement devices
Sla, S1b that the concentration of SOy has reached a preset threshold, the
switching valve 45 is made to operate to make the acid exhaust gas to be
introduced to the other one of the first container 40a and the second container
40b. Further, when through the switching valve 46, the acid exhaust gas is
introduced to one of the third container 42a and the fourth container 42b, in the
case where it is detected by one of the second concentration measurement devices
S2a, S2b that at least one of the concentrations of NOx and hydrogen chloride has
reached a preset threshold, the switching valve 46 is made to operate to make the
acid exhaust gas to be introduced to the other one of the third container 42a and

the fourth container 42b.
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By arranging the switching valves 45, 46, in the case where there is
lowered the treatment capability of the acid exhaust gas of one of the first
container 40a and the second container 40b, and/or one of the third container 42a
and the fourth container 42b, the one container can be switched to the other one
whose treatment capability of the acid exhaust gas is not lowered. Hence, it
becomes easy to avoid acid gas components in the acid exhaust gas not being fully
removed and being discharged from the stack 16 to the outside.

[0040] It may be made to be notified of by the alarm 91 in matching with the
control of the switching valves 45, 46 that the concentration of SOx has reached a
preset threshold, and the concentration of at least one of NOx and hydrogen
chloride has reached a preset threshold. A manager of the incineration facility
can grasp the situation of the acid exhaust gas treatment by the notification by
the alarm 91.

[0041] The concentration measurement devices may also be ones which can
measure, in addition to concentrations of acid gas components, the flow rates of
the gas to be treated. Alternatively, in addition to the concentration
measurement devices, flow meters to measure the flow rate of the gas to be
treated may be installed. Since these constitutions can judge, in addition to the
flow rates of the gas, the degrees of rises in the concentrations of acid gas
components, the situation of the acid exhaust gas treatment can more accurately
be grasped.

[0042] The switching valves 45, 46 may be made to be operable by hand. By
making the switching valves 45, 46 to be operable by hand, a manager confirms
the situation and then can operate the switching valves, based on a notification
by the alarm from the control device 90 that the concentration of each acid gas
component, based on outputs from each concentration measurement device Sla,
S1b, S2a, S2b, has reached a threshold. Alternatively, it may be configured that
when a set time is reached, the manager switches the switching valves by hand.
[0043] On the other hand, by operating the switching valves 45, 46, the layered
double hydroxide contained in one container cut off the flue is regenerated by the
above-mentioned regeneration method. The regeneration treatment can be
carried out parallel with the treatment of the acid exhaust gas by the layered
double hydroxide contained in the other container.

The regeneration treatment may be carried out by taking out the layered

double hydroxide from the container, or may be carried out by being brought into
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contact with a regeneration treatment agent as it is accommodated in the
container.

The combustion facility may further be provided with regeneration means
to regenerate the layered double hydroxide. In this case, the regeneration
means may be located on an in-site connected to the combustion facility 100, or
may be arranged on an off-site.

[0044] Further, in place of the above-mentioned constitution composed of the
switching valve and the plurality of containers, it may be configured that in
addition to this constitution, means for supplying a layered double hydroxide not
having been used for the treatment or a layered double hydroxide regenerated,
and means for taking out the layered double hydroxide having been used for the
treatment for a certain time are installed. In this case, it may be configured
that each of the means carry out supplying and taking-out of the layered double
hydroxide according to the flow rates of the acid exhaust gas and/or the

concentrations of the acid gas components.

Examples

[0045] Then, the present invention will be described in more detail by way of
Examples, but the present invention is not any more limited to these Examples.
[0046] The measurement of a physical property value of each Example and
Comparative Example was carried out by the following procedure.

<Removal rates of acid gas components>

The removal rates of hydrogen chloride, SO2 and NO in a test gas modeling
after an acid exhaust gas were measured by the following procedure.

The gas after passing through a reaction tube was sampled and the
concentration of each component of hydrogen chloride, SOz and NO was
measured by an FT-IR gas analyzer. By using these values (A) and the
concentration (B) of each component of hydrogen chloride, SOz and NO in the gas
before passing through the reaction tube, the removal rate of each acid gas
component was calculated by the following expression.

Removal rate [%] of an acid gas component = [(B — A)/B] x 100
[0047] [Example 1]

0.1 g of a CO3s-type Mg-Al layered double hydroxide was packed in a 16
mm-inner diameter glass-made reaction tube Al; 0.1 g of a y-type manganese

dioxide was packed in a 16 mm-inner diameter glass-made reaction tube A2; 0.3
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g of a COs-type Mg-Al layered double hydroxide was packed in a 16 mm-inner
diameter glass-made reaction tube A3; and the reaction tube Al, the reaction
tube A2 and the reaction tube A3 were connected in order. A nitrogen gas was
allowed to flow from the upstream of the reaction tube Al and the temperature of
the gas flowing through each reaction tube was regulated so as to be 170°C, in a
tubular electric furnace.

The flow rate of each gas was regulated by a mass flow controller while
allowing nitrogen gas to flow so as to achieve a concentration of hydrogen
chloride of 300 ppm, a concentration of SOz of 50 ppm and a concentration of NO
of 150 ppm, and the nitrogen gas was allowed to flow through the reaction tubes
so that the superficial velocity in the reaction tubes was 1.0 m/min. The
nitrogen gas containing hydrogen chloride, SOz and NO in the specific
concentrations was thus configured to be treated in the order of the first step —
the second step — the third step.

60 min after the start of the test, the concentrations of hydrogen chloride,
SOz and NO in the flowing gas at the outlet of the reaction tube A3 were
measured and the removal rates were calculated. The results are shown in
Table 1. Here, the NOx concentration is the sum concentration of nitrogen
oxides such as NO, NOgz and the like. Then, Table 1 further describes the
concentrations of NO and NOg at the outlets of each reaction tube corresponding
to each step, and also the concentration of NOx being the sum of NO and NOa.
The same description applies to each Comparative Example described hereinafter.
[0048] [Comparative Example 1]

0.3 g of a CO3s-type Mg-Al layered double hydroxide was packed in a 16
mm-inner diameter glass-made reaction tube B1l; and a nitrogen gas was allowed
to flow through the reaction tube 1 from the upstream thereof, and the
temperature of the gas flowing through the reaction tube was regulated so as to
be 170°C, in a tubular electric furnace.

The flow rate of each gas was regulated by a mass flow controller while
allowing nitrogen gas to flow so as to achieve a concentration of hydrogen
chloride of 300 ppm, a concentration of SOz of 50 ppm and a concentration of NO
of 150 ppm, and the nitrogen gas was allowed to flow through the reaction tube
so that the superficial velocity in the reaction tube was 1.0 m/min. The nitrogen
gas containing hydrogen chloride, SOz and NO in the specific concentrations was

thus configured to be treated only by the first step.
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60 min after the start of the test, the concentrations of hydrogen chloride,
SOz and NO in the flowing gas at the outlet of the reaction tube B1 were
measured and the removal rates were calculated. The results are shown in
Table 1.

[0049] [Comparative Example 2]

0.1 g of a y-type manganese dioxide was packed in a 16 mm-inner diameter
glass-made reaction tube C1; and 0.3 g of a COs-type Mg-Al layered double
hydroxide was packed in a 16 mm-inner diameter glass-made reaction tube C2 as
a later stage; and the reaction tube C1 and the reaction tube C2 were connected
in order. A nitrogen gas was allowed to flow from the upstream of the reaction
tube C1 and the temperature of the gas flowing through each reaction tube was
regulated so as to be 170°C, in a tubular electric furnace.

The flow rate of each gas was regulated while allowing nitrogen gas to flow
so as to achieve a concentration of hydrogen chloride of 300 ppm, a concentration
of SOz of 50 ppm and a concentration of NO of 150 ppm, and the nitrogen gas was
allowed to flow through the reaction tubes so that the superficial velocity in the
reaction tubes was 1.0 m/min. The nitrogen gas containing hydrogen chloride,
SOz and NO in the specific concentrations was thus configured to be treated in
the order of the second step — the third step.

60 min after the start of the test, the concentrations of hydrogen chloride,
SOz and NO in the flowing gas at the outlet of the reaction tube C2 were
measured and the removal rates were calculated. The results are shown in
Table 1.

[0050] [Comparative Example 3]

A nitrogen gas containing hydrogen chloride, SO2 and NO in the specific
concentrations was configured to be treated in the order of the first step — the
second step, as in Example 1, except for installing no reaction tube A3.

60 min after the start of the test, the concentrations of hydrogen chloride,
SOz and NO in the flowing gas at the outlet of the reaction tube A2 were
measured and the removal rates were calculated. The results are shown in
Table 1.

[0051]
Table 1



_21_

Kind of Gas Exa;nple Cé)mparative Comparative|Comparative
xample 1 | Example 2 | Example 3
Order of Steps - 15253 1 2—3 152
hydrogen
Removal Rate chloride 100 100 100 100
[%] SOz 100 100 100 100
NOx 90 0 60 10
Concentration NOx 150 150 - 150
at Outlet of 1 NO 150 150 - 150
ppm NO:2 0 0 - 0
Concentration ’;l\l%x 11355 16305 11355
at Outlet of 2 NO2 120 : 75 120
Concentration NO« 15 - 60 -
at Outlet of 3 NO 15 : €0 :
NO2 0 - 0 -
[0052] Asis clear from Table 1, in Example 1, it is seen that high removal rates

could be attained for all the components of hydrogen chloride, SO2 and NO.

By contrast, in Comparative Example 1, it is seen that although the

removal rates of hydrogen chloride and SOz were high, NO could not be removed

at all.

In Comparative Example 2, although the removal rates of hydrogen

chloride and SOz were high and NO was removed in a certain amount, the

removal rate of NO is lower than in Example 1, so it is understandable that the

oxidation catalyst effect of the transition metal oxide deteriorated by a reaction

with SOs.

Further in Comparative Example 3, it is seen that although the

removal rates of hydrogen chloride and SOz were high, since the third step was

not present, which was different from Example 1, NO2 into which NO had been

converted in the second step could not be removed.

Reference Signs List

[0053]

11: INCINERATOR

12: BOILER

13: GAS COOLING APPARATUS

14: DUST COLLECTOR
15: INDUCED DRAFT FAN

16: STACK

21 to 34: PIPE (FLUE)
40: FIRST ACCOMMODATION SECTION
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40a: FIRST CONTAINER
40b: SECOND CONTAINER

41:
42:

SECOND ACCOMMODATION SECTION
THIRD ACCOMMODATION SECTION

42a: THIRD CONTAINER
42b: FOURTH CONTAINER

45:
46:
50:
60:
70:
80:
90:
91:
92:
93:
94:

FIRST SWITCHING VALVE
SECOND SWITCHING VALVE
FIRST UNIT

SECOND UNIT

THIRD UNIT

EQUIPMENT FOR TREATING ACID EXHAUST GAS
CONTROL DEVICE

ALARM

MEMORY DEVICE
COMMUNICATION DEVICE
OTHER DEVICES

100: INCINERATION FACILITY
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CLAIMS

[Claim 1]

A method for treating an acid exhaust gas generated from an incinerator,
comprising the following first to third steps:

the first step of bringing the acid exhaust gas generated from the
incinerator into contact with an anionic layered double hydroxide to remove
sulfur oxides in the acid exhaust gas;

the second step of bringing the acid exhaust gas having undergone the first
step into contact with a transition metal oxide to convert nitrogen monoxide in
the acid exhaust gas into nitrogen dioxide; and

the third step of removing nitrogen oxides in the acid exhaust gas having
undergone the second step.

[Claim 2]

The method for treating an acid exhaust gas according to claim 1, wherein
in the third step, nitrogen oxides and hydrogen chloride in the acid exhaust gas
having undergone the second step are removed.

[Claim 3]

The method for treating an acid exhaust gas according to claim 1 or 2,
wherein the anionic layered double hydroxide is a COs-type Mg-Al layered double
hydroxide.

[Claim 4]

The method for treating an acid exhaust gas according to any one of claims
1 to 3, wherein the transition metal oxide is a y-type manganese dioxide.

[Claim 5]

The method for treating an acid exhaust gas according to any one of claims
1 to 4, wherein in the third step, the acid exhaust gas having undergone the
second step is brought into contact with an anionic layered double hydroxide to
remove nitrogen oxides in the acid exhaust gas.

[Claim 6]

The method for treating an acid exhaust gas according to any one of claims
1 to 5, wherein in the first step, the acid exhaust gas is selectively introduced to
any one path among a plurality of paths each containing an anionic layered
double hydroxide, and while the acid exhaust gas is brought into contact with the

anionic layered double hydroxide contained in the one path, the anionic layered
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double hydroxides contained in the other paths among the plurality of paths are
regenerated.
[Claim 7]

The method for treating an acid exhaust gas according to any one of claims
1 to 6, wherein in the third step, the acid exhaust gas is selectively introduced to
any one path among a plurality of paths each containing an anionic layered
double hydroxide, and while the acid exhaust gas is brought into contact with the
anionic layered double hydroxide contained in the one path, the anionic layered
double hydroxides contained in the other paths among the plurality of paths are
regenerated.

[Claim 8]

An equipment for treating an acid exhaust gas, comprising means for
carrying out the method for treating an acid exhaust gas according to any one of
claims 1 to 7.

[Claim 9]

The equipment for treating an acid exhaust gas according to claim 8,
comprising:

a first accommodation section that accommodates the anionic layered
double hydroxide to be used in the first step;

a second accommodation section that accommodates the transition metal
oxide to be used in the second step;

a third accommodation section that accommodates the anionic layered
double hydroxide to be used in the third step; and

respective pipes to introduce the acid exhaust gas generated from the
incinerator to the first accommodation section, to introduce the gas discharged
from the first accommodation section to the second accommodation section, and
to introduce the gas discharged from the second accommodation section to the
third accommodation section.

[Claim 10]

The equipment for treating an acid exhaust gas according to claim 9,
wherein the first accommodation section comprises:

a first container and a second container that each accommodate the anionic
layered double hydroxide, and further,

a first switching valve to selectively introduce the acid exhaust gas

generated from the incinerator to the first container or the second container.
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[Claim 11]

The equipment for treating an acid exhaust gas according to claim 9 or 10,
further comprising a first concentration detection device, arranged on the
upstream side of the second accommodation section, to continuously detect a
concentration of sulfur oxides in the acid exhaust gas discharged from the first
accommodation section.

[Claim 12]

The equipment for treating an acid exhaust gas according to any one of
claims 9 to 11, wherein the third accommodation section comprises:

a third container and a fourth container that each accommodate the
anionic layered double hydroxide, and

a second switching valve to selectively introduce the gas discharged from
the second accommodation section to the third container or the fourth container.
[Claim 13]

An incineration facility, comprising: an incinerator; and the equipment for

treating an acid exhaust gas according to any one of claims 8 to 12.



