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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to an exhaust gas purifying apparatus that purifies
exhaust gas containing NOx, SOx and the like and discharged from an internal combustion
engine such as a diesel engine, or a combustion engine such as a boiler. More particularly, the
present invention relates to an exhaust gas purifying apparatus that is suitable for installation in
vessels and the like.

BACKGROUND ART

[0002] Internal combustion engines such as diesel engines and combustion engines such as
boilers utilize fossil fuels. Combustion of fossil fuels is accompanied by generation of exhaust
gas that contains NOyx, SOy, oil, microparticles and the like, and which constitutes a source of
environmental pollution. Accordingly, approaches adopted to reduce those sources of
environmental pollution in exhaust gas include, for instance, improving fuels, enhancing
combustion efficiency, and introducing exhaust gas treating equipment.

[0003] Improvements have been achieved in vehicles and overland facilities such as factories
and thermal power plants.

[0004] However, engine emissions in marine or river vessels are far greater than those of
automobiles or the like, while such vessels have virtually no surplus space amenable for
installation of exhaust gas treating equipment. Moreover, adopting technologies and
equipment that are geared toward overland uses into in vessels has proved difficult thus far
from an economic standpoint.

[0005] For example, ammonia SCR (Selective Catalytic Reduction) is one instance of
technologies for treating NOyx in exhaust gas. Ammonia SCR is a method, implemented on

land, that involves causing NOx in exhaust gas to react with ammonia, to trigger decomposition

into water and nitrogen. However, ammonia SCR requires securing large amounts of
ammonia, and has therefore proved difficult to utilize in vessels.

[0006] For instance, magnesium hydroxide methods and lime-gypsum methods in which
scrubbers are utilized are implemented overland to deal with SOx. Techniques developed to

adapt the foregoing methods to vessels include treatment methods that involve introducing
seawater into a scrubber, to cause SOx in exhaust gas to be absorbed by seawater, and

oxidizing thereafter SOy into sulfate ions by aeration.
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[0007] JP 2003 301714 A describes an exhaust emission control device that has a bubbling
tank for discharging exhaust gas outside by passing it through water by blowing off the exhaust
gas in the water, a filter for filtering the soot component PM collected in the water by passing
through the water of the bubbling tank, a neutralizing tank for storing the water passed through
the filter, and an electrode row arranged in the neutralizing tank, and composed of a plurality of
electrode plates including an electrode of at least a magnesium material. The water becoming
acidic by dissolving nitrogen oxides NOx and sulfur oxides SOx in the exhaust gas is reformed
to neutral or alkaline state by electrolytic reaction with magnesium. Thus, nitrogen oxides NOx

and sulfur oxides SOy are also removed together with the soot component PM.

[0008] Sukheon AN et al. "The application of seawater and electrolyzed seawater in a
pollution control of marine diesel engine", JSME International Journal series B, fluids and
thermalengineering, volume 46, number 1, January 1, 2003, pages 206 to 213 describes a
scrubber experiment to remove SO, by using only seawater. Furthermore, described is also a

bubbling experiment which is performed to absorb NO, and CO..

[0009] WO 2012/128721 A2 describes a system and a method for removal of sulfur oxides
(SOy), nitrogen oxides (NO,) and particulate matter (PM) contained in an exhaust gas
generated from fuel combustion and efficient treatment of water containing microorganisms
(e.g. ballast water).

[0010] WO 2012/085552 A1 describes desalination and greenhouse gas (GHG) sequestration
units and methods for use. The processing units will typically comprise an electrochemical
separation cell in fluid communication with,a cathodic reaction cell, and an anodic reaction
cell;wherein in use: the separation cell comprises an ion-containing first aqueous solution, the
cathodic reaction cell comprises a second aqueous solution including the cathodic products of
electrochemical separation of the first aqueous solution, and the anodic reaction cell comprises
a third aqueous solution including the anodic products of electrochemical separation of the first
aqueous solution.

[0011] JP 2006 320870 A describes a waste gas treatment system that has a passage to
circulate a liquid absorbent to/from a scrubber, and a passage to circulate the liquid absorbent
to/from an electrolysis vessel separately from the passage in a storage tank. In other words, a
waste gas generated in a combustion device is fed to the scrubber, and absorbed in the liquid
absorbent. The liquid absorbent in the scrubber is fed to the storage tank, and subjected to the
electrolysis treatment in the electrolysis vessel. A hypochlorous acid is generated in the liquid
absorbent to oxidize nitrogen and sulfur in nitrogen oxides and sulfur oxides. The liquid
absorbent in the electrolysis vessel is further returned to the storage tank, and returned to the
scrubber. The liquid absorbent in the storage tank is adequately discharged from an overflow

pipe.

[0012] JP 2003 284919 A describes that an alkali liquid and an acidic liquid are formed by
electrolyzing the sea and the exhaust gas to be treated is brought into contact with the acidic
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liquid and the alkali liquid in this order. The exhaust gas cleaning apparatus includes at least
one gas-liquid contact means for bringing the exhaust gas to be treated into contact with a
treatment liquid and an electrolytic apparatus for electrolyzing salt water to form the alkali liquid
and the acidic liquid. At least one gas-liquid contact means has an exhaust gas introducing port
on its upstream side and an exhaust gas discharge port on its downstream side. At least one of
gas-liquid contact means arranged in the apparatus is equipped with an acidic liquid spray
means for spraying the acidic liquid or an alkali liquid spray means for spraying the alkali liquid.

[0013] WO 2010/074687 A1 describes a low energy method and system of removing H+ from
a solution in an electrochemical cell wherein on applying a voltage across an anode in a first
electrolyte and a cathode in second electrolyte, H+ are transferred to second electrolyte
through a proton transfer member without forming a gas, e.g., oxygen or chlorine at the
electrodes.

[0014] WO 92/14272 A1 describes galvanic seawater cells and batteries and in particular to
cathodes which are suitable for use in galvanic cells that use an oxidant dissolved in the
electrolyte as depolarizer. An example of such cells are seawater cells which use the oxygen
dissolved in the seawater as oxidant. The cell has an inert electrode which consists of a
number of conducting fibers connected to a conducting body. The fibers have different
orientations relatively to each other and to the body. In a preferred embodiment the electrode
body consists of two or more wires which are twisted together to constitute an electrode stem
while clamping the fibers in fixed positions between the wires, as in a laboratory bottle brush.

[0015] Patent literature 1 discloses the feature of performing pulsed corona discharge on
exhaust gas of a marine diesel engine, followed by introduction of the exhaust gas into a
scrubber, and spraying of the exhaust gas with seawater to remove thereby nitrogen oxide and
sulfur oxide from the exhaust gas.

[0016] Patent literature 2 discloses the feature of subjecting exhaust gas to a purification
treatment by electrolyzing salt water to generate an alkaline solution and an acidic solution,
and bringing the exhaust gas to be treated into gas-liquid contact with the acidic solution, and
thereafter into gas-liquid contact with the alkaline solution.

Patent literature 1: Japanese Patent Application Publication No. H08-10564

Patent literature 2: Japanese Patent Application Publication No. 2003-284919 [0010] However,
the effect of reducing the amount of SOx and the like in the methods disclosed in Patent
literature 1 and 2 is not found to be sufficient. Further, these methods required a large amount
of seawater during the purification treatment of exhaust gas. This gave rise to the problem of
large power consumption, incurred by pump operation, during uptake of seawater to be used
in the purification treatment, and during discharge of scrubber wastewater back into the ocean.
No external power supply can be received at sea, and hence power consumption must be met
by relying on power generated within the vessel. The power consumption of such pumps
should thus be desirably reduced as much as possible.
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[0017] Further, scrubber wastewater contains NOx, SOx, oil, microparticles and the like that
are present in exhaust gas, and hence discharge of scrubber wastewater without having
undergone any treatment will tend to be ever harder on account of water quality regulations by
the International Maritime Organization.

DISCLOSURE OF THE INVENTION

[0018] Accordingly, it is an object of the present invention to provide an exhaust gas purifying
apparatus capable of purifying exhaust gas efficiently using small amounts of water.

[0019] In order to attain the above goal, the exhaust gas purifying apparatus of the present
invention is an exhaust gas purifying apparatus according to claim 1.

[0020] Preferably, the exhaust gas purifying apparatus of the present invention comprises a
water quality analyzer that analyzes alkalinity of the electrolyzed alkaline water generated in
the electrolyzed alkaline water generator, and an alkalinity adjustment device that adjusts the
alkalinity of the electrolyzed alkaline water in such a manner that the alkalinity becomes equal
to or higher than a predetermined value.

[0021] Preferably, the electrolyzed alkaline water generator of the exhaust gas purifying
apparatus of the present invention comprises an electrolysis tank made up of a water-insoluble
and conductive material, and an anode disposed inside the electrolysis tank, the exhaust gas
purifying apparatus being configured to apply positive voltage to the anode and apply negative
voltage to the electrolysis tank, to thereby electrolyze the water to be electrolyzed inside the
electrolysis tank, or alternatively, the electrolyzed alkaline water generator includes a pathway
which is made up of a water-insoluble and conductive material and through which the water to
be electrolyzed flows, and an anode disposed inside the pathway, the exhaust gas purifying
apparatus being configured to apply positive voltage to the anode and apply negative voltage
to the pathway, to thereby electrolyze the water to be electrolyzed that flows through the
pathway.

[0022] In the electrolyzed alkaline water generator of the exhaust gas purifying apparatus of
the present invention, preferably, a diode is used in the coupling circuit.

[0023] In the electrolyzed alkaline water generator of the exhaust gas purifying apparatus of
the present invention, preferably, a transistor is used in the coupling circuit.

[0024] Preferably, the electrolyzed alkaline water generator of the exhaust gas purifying
apparatus of the present invention has a plurality of connected anodes and cathodes, the
coupling circuit includes coupled elements in the number corresponding to the number of
combinations of the anodes and the cathodes, and the auxiliary anode is connected to each of
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the coupled elements.

[0025] In the exhaust gas purifying apparatus of the present invention, the anode of an
electrolyzed alkaline water generator is formed of Mg or a Mg alloy. Therefore, Mg ions elute
from the anode, and Mg(OH). is generated, through electrolysis of water to be electrolyzed in
the electrolyzed alkaline water generator. The Mg(OH)» concentration increases in proportion
to the increase in the quantity of electricity during electrolysis. The alkalinity of the electrolyzed
alkaline water can therefore be increased efficiently. This increased alkalinity of the
electrolyzed alkaline water allows efficiently removing SOx and the like in the exhaust gas

when the electrolyzed alkaline water is brought into gas-liquid contact with the exhaust gas.

[0026] Accordingly, the present invention allows exhaust gas to be subjected to a purification
treatment by using electrolyzed alkaline water of high alkalinity. It becomes therefore possible
to purify efficiently exhaust gas using a small amount of electrolyzed alkaline water, to reduce
power consumption incurred by pump operation, and to reduce the discharge amount of
scrubber wastewater.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a schematic diagram of an exhaust gas purifying apparatus in a first embodiment of
the present invention;

Fig. 2 is a schematic diagram of one embodiment of an electrolyzed alkaline water generator;

Fig. 3 is a schematic diagram of another embodiment of an electrolyzed alkaline water
generator;

Fig. 4 is a schematic diagram of another embodiment of an electrolyzed alkaline water
generator, where Fig. 4(a) is a front-view diagram and Fig. 4(b) is an A-A cross-sectional
diagram of Fig. 4(a);

Fig. 5 is a schematic diagram of an exhaust gas purifying apparatus in a second embodiment
of the present invention;

Fig. 6 is a diagram illustrating a relationship between quantity of electricity during electrolysis
and pH and alkalinity of obtained electrolyzed alkaline water, in Test example 1;

Fig. 7 is a schematic diagram of an embodiment of an electrolyzed alkaline water generator of
an exhaust gas purifying apparatus of a third embodiment of the present invention;

Fig. 8 is a schematic diagram of another embodiment of an electrolyzed alkaline water
generator; and
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Fig. 9 is a schematic diagram of another embodiment of an electrolyzed alkaline water
generator.

BEST MODE FOR CARRYING OUT THE INVENTION

[0028] An embodiment of the exhaust gas purifying apparatus of the present invention will be
explained next with reference to Fig. 1.

[0029] In Fig. 1, the reference symbol 1 denotes an exhaust gas absorption tower having an
exhaust gas inlet 2 provided in a side wall and a flue 3 provided at the top.

[0030] Spray nozzles 4 and a demister 5 are disposed inside the exhaust gas absorption
tower 1. The demister 5 is disposed in the vicinity of the flue 3.

[0031] The demister 5, which removes moisture in gas, is for instance made up of wire mesh
of stainless steel, aluminum or the like.

[0032] The bottom of the exhaust gas absorption tower 1 constitutes a storage section of
scrubber wastewater having captured therein pollutants such as NOyx, SOy, oil, microparticles

and the like that are contained in exhaust gas.

[0033] A pipe L1 that extends from the bottom side wall of the exhaust gas absorption tower 1
is connected to an electrolyzed alkaline water generator 10. In this embodiment, the pipe L1
constitutes a scrubber wastewater return line of the present invention.

[0034] In the electrolyzed alkaline water generator 10, which includes a cathode and an
anode, voltage is applied across the electrodes, to bring about electrolysis of water to be
electrolyzed, and generate thereby electrolyzed alkaline water. At least the anode of the
electrolyzed alkaline water generator 10 is formed of Mg or a Mg alloy. The cathode is not
particularly limited, and for instance a cathode can be used that is conductive, for instance Mg,
a Mg alloy, stainless steel, Ti, a Ti alloy, Pt, a Pt alloy, a carbon-based conductive material, a
conductive ceramic or the like.

[0035] For instance, an electrolyzed alkaline water generator 10a illustrated in Fig. 2
constitutes herein an example of the electrolyzed alkaline water generator. The electrolyzed
alkaline water generator 10a includes an electrolysis tank 11a into which water to be
electrolyzed is introduced, an anode 12a formed of Mg or a Mg alloy, and a cathode 13a that
opposes the anode 12a. The water to be electrolyzed that is introduced into the electrolysis
tank 11a is electrolyzed through application of voltage, across the electrodes, by a power
source 14a.
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[0036] An electrolyzed alkaline water generator 10b illustrated in Fig. 3 exemplifies another
form of the electrolyzed alkaline water generator. The electrolyzed alkaline water generator
10b includes an electrolysis tank 11b made up of a water-insoluble and conductive material,
and an anode 12b that is formed of Mg or a Mg alloy. The anode 12b is disposed, inside the
electrolysis tank 11b, at a predetermined spacing from the electrolysis layer 11b. The
electrolysis tank 11b of the electrolyzed alkaline water generator 10b functions as a cathode.
Water to be electrolyzed inside the electrolysis tank is electrolyzed through application, by a
power source 14b, of positive voltage to the anode 12b and negative voltage to the electrolysis
tank 11b.

[0037] Examples of the water-insoluble conductive material that makes up the electrolysis
tank 11b include, for instance, stainless steel, Ti, Ti alloys, Pt, Pt alloys, carbon-based
conductive materials and conductive ceramics. Preferably, the material does not dissolve in
water during electrolysis and does not form a passive film.

[0038] Preferably, the outer periphery of the electrolysis tank 11b is covered with an insulating
layer. The concern of electric shock can be dispelled by covering the outer periphery of the
electrolysis tank 11b with an insulating layer. The electrolysis tank 11b may exhibit a structure
wherein a metal layer formed of a water-insoluble and conductive material is formed on the
inner wall of a tank that is made up of an insulating material.

[0039] An electrolyzed alkaline water generator 10c illustrated in Fig. 4 exemplifies another
form of the electrolyzed alkaline water generator.

[0040] The electrolyzed alkaline water generator 10c includes a pipe 11c through which water
to be electrolyzed flows and that is made up of a water-insoluble and conductive material, and
an anode 12c that is disposed inside the pipe 11¢. The anode 12c¢ is disposed inside the pipe
11c at a predetermined spacing from the latter, via an insulating spacer 15. The pipe 11c of the
electrolyzed alkaline water generator 10c functions as a cathode. Water to be electrolyzed that
flows through the interior of the pipe is electrolyzed through application, by a power source
14c¢, of positive voltage to the anode 12¢ and of negative voltage to the pipe 11c.

[0041] Preferably, the outer periphery of the pipe 11c is covered with an insulating layer. The
concern of electric shock can be dispelled by covering the outer periphery of the pipe 11¢ with
an insulating layer. The pipe 11¢ may exhibit a structure wherein the inner wall of a pipe made
of an insulating material has thereon a metal layer formed of a water-insoluble and conductive
material.

[0042] Returning to Fig. 1, a pipe L2 is connected to the electrolyzed alkaline water generator
10 via an interposed pump P1. Through operation of the pump PI, seawater from a seawater
source such as the ocean is introduced into the electrolyzed alkaline water generator 10, via
the pipe L2.

[0043] A pipe L3 for drawing of electrolyzed alkaline water and a pipe L4 for drawing of scum
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extend from the electrolyzed alkaline water generator 10.

[0044] The pipe L3 for drawing of electrolyzed alkaline water is connected to the spray
nozzles 4 inside the exhaust gas absorption tower 1. A water quality analyzer 20 is disposed
halfway in the pipe L3. The water quality analyzer 20 analyzes various water quality items of
the electrolyzed alkaline water such as pH, conductivity, alkalinity, quantity of solid matter,
quantity of bacteria, quantity of organic matter, NOx, SOx and the like. The analysis results are

fed back to a control device 40, which controls for instance the operating condition of the pump
Pl and the application condition (quantity of electricity) in the electrolyzed alkaline water
generator 10 in such a manner that the various water quality items satisfy the given criteria of
treatment water for a purification treatment of exhaust gas.

[0045] The pipe L4 for drawing scum is connected to a dewatering device 30, where
dewatered scum is formed through dewatering of the scum. The dewatering device 30 is not
particularly limited, and commercially available dewatering devices that rely on a scheme that
is not limited can be used herein, for instance a belt press, a screw press or the like.

[0046] A pipe L5 for drawing dewatered scum and a pipe L6 for liquid drawing are connected
to the dewatering device 30. The pipe L6 for liquid drawing is connected to the pipe L3 for
drawing electrolyzed alkaline water. The liquid recovered in the dewatering device 30 is mixed
with the electrolyzed alkaline water that flows through the pipe L3, and the resulting mixture is
introduced into the exhaust gas absorption tower 1.

[0047] In the exhaust gas purifying apparatus, the electrolyzed alkaline water generated in the
electrolyzed alkaline water generator 10 is sprayed out of the spray nozzles 4; thereby, the
exhaust gas introduced into the exhaust gas absorption tower 1 through the exhaust gas inlet
2 and the electrolyzed alkaline water are brought into gas-liquid contact with each other.
Pollutants such as NOy, SOy, oil, microparticles and the like in the exhaust gas are trapped as

a result in the electrolyzed alkaline water, and fall to the bottom of the exhaust gas absorption
tower 1 together with the scrubber wastewater. The moisture in the gas having had pollutants
removed therefrom is in turn removed in the demister 5. The gas is discharged then out of the
system through the flue 3.

[0048] Among the pollutants in the exhaust gas, for instance SO, is captured in the
electrolyzed alkaline water, as the reaction in Formula (1) below progresses. The reaction in

Formula (2) proceeds rapidly in the electrolyzed alkaline water thanks to the oxygen in the
exhaust gas.

HoO+S0o — HSOz+H™ ... D]
HSO5+1/205 — SO42+H"... (2)

H*+OH" — H,0... (3)
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[0049] Further, NO is captured in the electrolyzed alkaline water as Formulas (4) and (5)
below progress. Chlorine gas is generated at the anode during electrolysis.

2NO+Cl, — 2NOCI... (4)

NOCIH+20H" — CI+NOy+H,0... (5)

[0050] As denoted by Formulas (1) to (3), H* is generated in a reaction between the
electrolyzed alkaline water and SO». The reaction of Formula (1) takes place no longer when

the pH of the electrolyzed alkaline water drops. Therefore, alkaline water is required in order to
neutralize the H* that is generated in the reaction of Formula (1). Also, the reaction of Formula

(5) takes place no longer when OH™ becomes insufficient in the reaction between the
electrolyzed alkaline water and NO. Therefore, alkaline water is required in order to replenish

the OH that is consumed in the reaction of Formula (5). The present invention allows
increasing the alkalinity of the electrolyzed alkaline water, and hence it becomes possible to
curtail drops in pH of the electrolyzed alkaline water, and to facilitate the reaction of Formula
(1) and the reaction of Formula (5), even when using a small amount of the electrolyzed
alkaline water. As a result, it is no longer necessary to use large amounts of electrolyzed
alkaline water.

[0051] For instance, in electrolysis of seawater, the pH must be set to about 10 to 11 even
upon increased quantity of electricity (currentxtime). In the exhaust gas purifying apparatus of
the present invention, however, the anode of the electrolyzed alkaline water generator 10 is
formed of Mg or a Mg alloy, and hence Mg ions are eluted from the anode during electrolysis,
and Mg(OH), is generated. The concentration of Mg(OH), increases proportionally to the
increase in quantity of electricity during electrolysis, while Mg(OH)» does not precipitate up to

about pH 12. The alkalinity of the electrolyzed alkaline water can therefore be increased
efficiently.

[0052] Accordingly, the exhaust gas purifying apparatus of the present invention allows
purifying exhaust gas in electrolyzed alkaline water of high Mg(OH), concentration. Hence,
exhaust gas can be purified with good efficiency, using small amounts of electrolyzed alkaline
water, and there can be reduced both the amount of electrolyzed alkaline water that is used in
the purification treatment and the amount of discharged scrubber wastewater.

[0053] In the present embodiment, the scrubber wastewater is drawn by the pipe L1, is
introduced into the electrolyzed alkaline water generator and is electrolyzed, whereupon
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electrolyzed alkaline water is generated as a result. Accordingly, this allows re-using scrubber
wastewater in the form of washing water for an exhaust gas purification treatment, and to
significantly reduce the treatment amount of wastewater.

[0054] Bacteria derived from seawater are present in the scrubber wastewater. The
temperature of the scrubber wastewater is often 40°C or lower, and hence a concern arises in
that proliferation of bacteria may be activated if soluble organic matter is present in the
scrubber wastewater. However, the organic matter can be decomposed, and bacteria
sterilized, through the action of OH radicals and hypochlorous acid that are generated during
electrolysis.

[0055] The scrubber wastewater contains oils, microparticles and the like captured from the
exhaust gas, but this captured matter is flocculated through reaction with Mg ions and/or OH
ions generated during electrolysis, and can therefore be recovered in the form of solid matter
(scum). The scum discharged out of the electrolyzed alkaline water generator 10 is fed, via the
pipe L4, to the dewatering device 30, were it undergoes solid-liquid separation. The recovered
dewatered scum, in the form of solid matter, is stored as waste that is disposed of when the
vessel calls at a port. The separated liquid recovered in liquid form is mixed with the
electrolyzed alkaline water that is generated in the electrolyzed alkaline water generator 10,
and the resulting mixture is used in the purification treatment of exhaust gas.

[0056] In the present embodiment, the water quality analyzer 20 measures various water
quality items, for instance pH, conductivity, alkalinity, quantity of solid matter, quantity of
bacteria, quantity of organic matter, NOyx, SOx and the like of the scrubber wastewater that is
generated, by electrolysis, in the electrolyzed alkaline water generator 10. The measurement
results are inputted to the control device 40, which performs feedback control of the operating
condition of the pump Pl and the application condition (quantity of electricity) of the
electrolyzed alkaline water generator 10 in such a manner that the measurement results satisfy
given criteria of treatment water for exhaust gas purification treatment. Therefore, it becomes
possible to curtail variability in the quality of the electrolyzed alkaline water that is introduced
into the exhaust gas absorption tower 1.

[0057] Methods resorted to in a case where, for instance, the alkalinity or the pH fails to meet
a standard include methods that involve performing an operation of increasing the quantity of
electricity at the time of electrolysis, or driving the pump P1 to inject seawater into the
electrolyzed alkaline water generator 10 and replenish thereby alkaline components contained
in the seawater or inorganic salts such as NaCl that constitute an electrolyte. Other methods
involve electrode exchange, since electrodes may undergo degradation if the alkalinity still fails
to meet a standard despite the above operations. The quantity of electricity during electrolysis
and/or the amount of electrolyzed alkaline water that is sprayed are increased in a case where
the concentrations of NOx and SOy in the gas after exhaust gas purification or the amount of

bacteria in the electrolyzed alkaline water exceed a standard.

[0058] In the exhaust gas purifying apparatus of the present embodiment, the scrubber
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wastewater is the water to be electrolyzed, such that the electrolyzed alkaline water obtained
through electrolysis of the scrubber wastewater is used in the purification treatment of exhaust
gas. However, it is possible to use seawater alone as the water to be electrolyzed. Further,
water other than seawater and having electrolytes such as NaCl, KCl or Na,SO, added thereto

may be used as the water to be electrolyzed.

[0059] Fig. 5 illustrates another embodiment of the exhaust gas purifying apparatus of the
present invention.

[0060] This exhaust gas purifying apparatus has the same basic configuration as that of the
above-described embodiment, but differs from the above embodiment in that now an air
diffuser device 6 is provided at the storage section of scrubber wastewater, at the bottom of the
exhaust gas absorption tower 1.

[0061] The oxygen concentration in the exhaust gas may drop, and NOyx, SOx and the like

may fail to be sufficiently oxidized, in cases of incomplete combustion of a fossil fuel, or if low-
quality fuel oil or the like is used as a fuel. In the present exhaust gas purifying apparatus, air
can be blown, by the air diffuser device 6, into the scrubber wastewater that is stored at the
bottom of the exhaust gas absorption tower 1, and hence NOyx, SOx and the like captured in

the electrolyzed alkaline water can be sufficiently oxidized.

WORKING EXAMPLES

(Test example 1)

[0062] An electrolysis tank (diameter 67 mmxheight 90 mm) made of PVC was charged with
200 ml of seawater. An anode (pure magnesium metal, diameter 9.5 mmx100 mm) and a
cathode (pure magnesium metal, diameter 9.5 mmx100 mm) were immersed in the seawater
in the electrolysis tank, and the electrodes were fixed so as to be 30 mm apart from each
other. The anode, the cathode and a DC stabilized power source were connected by electric
wires, and voltage was applied between the anode and cathode, with the anode at positive
voltage, to electrolyze the seawater thereby. Fig. 6 illustrates the relationship between the
quantity of electricity in electrolysis and pH and alkalinity of the obtained electrolyzed alkaline
water. Alkalinity was measured herein in accordance with the method in section 15.1 of JIS K
0102.

[0063] As illustrated in Fig. 6, the alkalinity of electrolyzed alkaline water increased
proportionally to the increase in the quantity of electricity during electrolysis. Meanwhile, the pH
became substantially constant, at about pH 10, once the quantity of electricity was 100C or
higher.
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(Test example 2)

[0064] An electrolysis tank (diameter 67 mmxheight 90 mm) made of stainless steel was
charged with 200 ml of seawater. An anode (pure magnesium metal, diameter 9.5 mmx100
mm) was immersed in the seawater in the electrolysis tank, and the anode was fixed in such a
manner that the spacing between the anode and the electrolysis tank was 20 mm or more. The
anode, the electrolysis tank and a DC stabilized power source were connected by electric
wires, and voltage was applied between the anode and electrolysis tank, with the anode at
positive voltage, to electrolyze the seawater thereby. The alkalinity of the electrolyzed alkaline
water increased with increasing quantity of electricity (currentxtime) during electrolysis.
Meanwhile, the pH became substantially constant, at about pH 10, once the amount of flowing
electricity was 100C or higher.

(Test example 3)

[0065] An anode (pure magnesium metal, diameter 15 mmx300 mm) was fixed, using an
insulating spacer (polyacetal resin), coaxially with the center of a cylindrical tube (made of
stainless steel, 80Axlength 300 mm). The anode, the cathode and a DC stabilized power
source were connected with electric wires. Then seawater was caused to pass through the
interior of the cylindrical tube, at a flow rate of about 0.1 L/s, and voltage was applied between
the anode and the cylindrical tube, with the anode at positive voltage, to thereby electrolyze the
seawater flowing through the cylindrical tube. The alkalinity of the electrolyzed alkaline water
increased with increasing quantity of electricity (currentxtime) during electrolysis. Meanwhile,
the pH was substantially constant, at about pH 10, also with electrolysis performed under a
condition of quantity of electricity of 100C or greater.

[0066] Fig. 7 and Fig. 8 illustrate another embodiment of the exhaust gas purifying apparatus
of the present invention.

[0067] This exhaust gas purifying apparatus has the same basic configuration as that of the
above-described embodiment, but is different in that now an auxiliary anode 50, made up of a
water-insoluble and conductive material, is provided inside the electrolysis layer 11c. The
exhaust gas purifying apparatus of the present embodiment differs also in that the auxiliary
anode 50 is connected to the cathode 13b and the anode 12d via a coupling circuit 60, and
voltage is applied to the auxiliary anode 50 by a power source 14d. A diode is used, in Fig. 7,
as the coupling circuit 60, and a transistor is used in Fig. 8.

[0068] An electrolyzed alkaline water generator 10d illustrated in Fig. 7 includes an
electrolysis tank 11¢ into which water to be electrolyzed is introduced, an anode 12d formed of
Mg or a Mg alloy, and a cathode 13b that opposes the anode 12d. Voltage is applied, by the
power source 14d, across the electrodes. The auxiliary anode 50 is connected to the cathode
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13b and the anode 12d via the coupling circuit 60, and a power source 14e applies voltage to
the auxiliary anode 50. Water to be electrolyzed that is introduced into the electrolysis tank 11c¢
is electrolyzed as a result.

[0069] In the present embodiment electrons are supplied from the auxiliary anode 50 to the
cathode 13b, via the power source 14e, in addition to the electrons supplied from the anode
12d to the cathode 13b via the power source 14d. The OH ions generated in the cathode 13b
are proportional to the amount of supplied electrons, and hence in the case of operation at a
constant amount of current, the amount of electrons supplied from the anode 12d can be
reduced in proportion to the increment in electrons that are supplied from the auxiliary anode
50.

[0070] Herein, Mg must undergo ionization and elution in order for electrons to be generated
in the anode 12d. In the present embodiment, the amount of electrons supplied in the anode
12d can be reduced; accordingly, the elution amount of Mg can be likewise reduced.

[0071] In the present embodiment, the elution amount in the anode 12d can be reduced
although the amount of OH ions generated in the cathode 13b does not change overall. In a
case where the auxiliary anode 50 is not used, unlike in the present embodiment, the
electrodes must be exchanged periodically, due to elution of Mg of the anode. Accordingly,
elution of Mg in the anode is faster, the electrode exchange frequency higher, and electrode
costs greater, if the amount of wastewater is large, or in case of high acid concentration.

[0072] In the present embodiment, however, the amount of elution of Mg in the anode 12d
can be reduced, and hence the frequency of electrode exchange can be reduced, which
translates into lower costs.

[0073] Moreover, the auxiliary anode 50 needs not be exchanged in principle, since an
insoluble material is used therein.

(Test example 4)

[0074] Water to be electrolyzed (aqueous solution (3%) of NaCl 400 ml), an anode 12d
(magnesium metal 9.5 mmxlength 100 mm), a cathode 13b (activated carbon width 100
mmxlength 100 mmxthickness 2 mm), an auxiliary anode 50 (carbon width 50 mmxlength 100
mmxthickness 2 mm), power sources 14d and 14e (DC stabilized power sources 0 to 40 V, 0
to 18 A) and a coupling circuit (Schottky barrier diode) were used herein.

[0075] As illustrated in Fig. 7, the anode 12d, the cathode 13b and the auxiliary anode 50
were inserted in the water to be electrolyzed and were wired. Diodes were used in the coupling
circuit 60; herein, the cathode of a diode D{ was connected to the anode 12d, and the cathode

of a diode D3 was connected to the auxiliary anode 50. When the forward voltage drop of the
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diode is large, the resistance towards current |1 between the anode 12d and the cathode 13b

increases; accordingly, there may be selected a germanium diode or Schottky barrier diode
having a forward voltage drop as small as possible.

[0076] Voltage was applied by a DC stabilized power source, such that the current 11 between
the anode 12d and the cathode 13b was 50 mA, and current |3 between the auxiliary anode 50
and the cathode 13b was 150 mA. Herein, Mg(OH), was generated as a result of an electrode

reaction, and the alkalinity of the water to be electrolyzed increased by 5.0 mg/L (in terms of
CaCO3) after three minutes.

[0077] In a case where, by contrast, only the current 11 of 50 mA flowed between the anode

12d and the cathode 13b, the alkalinity of the water to be electrolyzed increased by 1.6 mg/L
(in terms of CaCOQ3) after three minutes.

[0078] These results are summarized in Table 1. In method A, the auxiliary anode 50 is not
used, and the electrolyzed alkaline water generator uses only an anode and a cathode. The
Mg elution amounts of the anode are identical in method A and the present embodiment, but
alkalinity is larger in the present embodiment. That is, the Mg elution amount for obtaining
water of desired alkalinity is smaller in the present embodiment. High-alkalinity water
generated in the present embodiment can be used for neutralizing acidic water, as is the case
in the method A.

[Table 1]
Mg elution amount {Alkalinity increment (mg/L,
(mg) CaCOg basis)
Present embodiment 1.13 5.0
Method A 1.13 1.6
(I\‘]ogcllitions: 50 mA current to anode for 3 min, in 400 ml of 3% aqueous solution of
a

(Test example 5)

[0079] Water to be electrolyzed (aqueous solution (3%) of NaCl 400 ml), an anode 12d
(magnesium metal 9.5 mmxlength 100 mm), a cathode 13b (activated carbon width 100
mmxlength 100 mmxthickness 2 mm), an auxiliary anode 50 (carbon width 50 mmxlength 100
mmxthickness 2 mm), power sources 14d and 14e (DC stabilized power sources 0 to 40 V, 0
to 18 A) and a coupling circuit (pnp-type transistor) were used herein.

[0080] As illustrated in Fig. 8, the anode 12d, the cathode 13b and the auxiliary anode 50
were inserted in the water to be electrolyzed and were wired. A transistor was used in the
coupling circuit 60, such that the base of the transistor was connected to the anode 12d, the
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emitter was connected to the cathode 13b and the collector was connected to the auxiliary
anode 50. Voltage was applied by the DC stabilized power source, with base current 11 = 50

mA and collector current I3 = 150 mA. The Mg elution amount could be reduced, with the

resulting increase in alkalinity being substantially identical to that in a case where a diode was
used.

[0081] Remarks on Test examples 4 and 5 are explained next.

[0082] These test examples are carried out batch-wise, but a continuous scheme (test
performed with flowing water) may be resorted to, with identical results.

[0083] In the present test examples, high-alkalinity water is generated using a comparatively
small device, but the same effects can be achieved with a scaled-up device. Element selection
and circuit construction in the coupling circuit 60 must be such that the latter can withstand
large currents, in accordance with the magnitude of electrolysis. In a scaled-up device a
plurality of anodes 12d and cathodes 13b is connected with shared power sources, as in Fig.
9, and in the auxiliary anode 50, coupled elements are disposed for each electrode, so that
current per element is dispersed as a result.

[0084] In the present test examples, high-purity magnesium is used in the electrodes, but
other materials may be used, to identical effect, for instance a magnesium-containing alloy
such as a Mg-Al-Zn-based alloy, or a material the surface of which has a magnesium-
containing layer deposited thereon, for instance by vapor deposition.

EXPLANATION OF REFERENCE NUMERALS

[0085]

1: exhaust gas absorption tower

2: exhaust gas inlet

3: flue

4: spray nozzle

5: demister

6: air diffuser device

10, 10a, 10b, 10c, 10d: electrolyzed alkaline water generator
11a, 11b: electrolysis tank

11c: pipe (functioning as an electrolysis tank)



12a, 12b, 12¢, 12d: anode

13a, 13b: cathode

14a, 14b, 14c, 14d, 14e: power source
15: insulating spacer

20: water quality analyzer

30: dewatering device

40: control device

50: auxiliary anode

60: coupling circuit

L1 to L6: pipe

P1: pump
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Patentkrav

Udstadningsgasrensningsapparat omfattende:

en generator (10, 10a-d) til elektrolyseret alkalisk vand, og som omfatter en
katode (13a, 13b) og en anode (12a-d), og hvori vand, der skal elektrolyse-
res, elektrolyseres ved pafering af en spaending over elektroderne, til gene-
rering af elektrolyseret alkalisk vand,

et udstgdningsgasabsorptionstarn (1), hvori der kan indfgres udstednings-
gas,

en ledning (L3) til levering af elektrolyseret alkalisk vand, og hvorigennem
det elektrolyserede alkaliske vand, som genereres i generatoren (10, 10a-d)
til elektrolyseret alkalisk vand, kan indfgres i udstedningsgasabsorptionstar-
net (1),

en sprojtedyse (4) til det elektrolyserede alkaliske vand, og som er tilveje-
bragt inden i udstedningsgasabsorptionstarnet (1),

hvilket udstgdningsgasrensningsapparat er indrettet til at rense udstod-
ningsgassen ved at sprgjte det elektrolyserede alkaliske vand igennem
sprojtedyserne (4), séledes at det elektrolyserede alkaliske vand og udstad-
ningsgassen, som fares ind i udstgdningsgasabsorptionstarnet (1) bringes i
gas-vaeske-kontakt med hinanden,

09

en oplagringssektion til skrubberspildevand, og som genindvinder det elek-
trolyserede alkaliske vand, som udsproijtes fra sprojtedysen (4), og en retur-
ledning (L1) til skrubberspildevand, og hvorigennem skrubberspildevand fra-
oplagringssektionens indre returneres til generatoren (10, 10a-d) til elektro-
lyseret alkalisk vand,

kendetegnet ved, at der i skrubberspildevands-oplagringssektionen er fil-
vejebragt en luftdiffuserindretning (6) ved udstedningsgasabsorptionstar-
nets (1) bund, hvorved luftdiffuserindretningen (6) er indrettet til at bleese luft
ind i skrubberspildevandet, som er lagret ved udstgdningsgasabsorptions-
tarnets (1) bund, og
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generatoren (10, 10a-d) til elektrolyseret alkalisk vand omfatter anoden (12a-
d), som er tildannet af Mg eller en Mg-legering.

2. Udstadningsgasrensningsapparat ifglge krav 1, omfattende: en vandkvali-
tetanalysator (20), som er indrettet til at analysere alkaliniteten i forbindelse med
det elektrolyserede alkaliske vand, som er genereret i generatoren (10, 10a-d) til
elektrolyseret alkalisk vand, og en alkalinitetindstillingsindretning, som er indrettet
til at indstille alkaliniteten i forbindelse med det elektrolyserede alkaliske vand pa
en sddan made, at alkaliniteten bliver lig med eller hgjere end en forudbestemt

vaerdi.

3. Udstadningsgasrensningsapparat ifalge krav 1, hvorved generatoren til
elektrolyseret alkalisk vand omfatter en elektrolyseringstank (11a), fremstillet af
et vanduoplgseligt og ledende materiale, og en anode (12a-d), som er anbragt
inden i elektrolyseringstanken (11a), idet udstadningsgasrensningsapparatet er
indrettet til at pafore anoden (12a-d) positiv spaending og elektrolyseringstanken
(11a) negativ spaending for derved at elektrolysere det vand, som skal elektroly-
seres inden i elektrolyseringstanken (11a).

4. Udstedningsgasrensningsapparat ifelge krav 1, hvorved generatoren (10,
10a-d) til elektrolyseret alkalisk vand har en bane, som er fremstillet af et vand-
uoplgseligt og ledende materiale, og hvorigennem vand, der skal elektrolyseres,
strammer, samt en anode (12a-d), som er anbragt i banen, idet udstedningsgas-
rensningsapparatet er indrettet til at pafere anoden (12a-d) positiv spaending og
banen negativ spaending for derved at elektrolysere det vand, der skal elektroly-

seres, 0g som strgmmer igennem banen.

5. Udstadningsgasrensningsapparat ifelge et af de foregaende krav,

hvorved det vand, der skal elektrolyseres i generatoren (10, 10a-d) til elektroly-
seret alkalisk vand, elektrolyseres ved pafgring af speending over elektroderne
ved hjeelp af forste spaendingspafaringsmidler,

hvilket udstedningsgasrensningsapparat omfatter endvidere:
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en hjeelpeanode (50) fremstillet af et vanduoplgseligt og ledende materiale,
séledes at hjeelpeanoden (50) er forbundet med katoden (13a, 13b) og ano-
den (12a-d) ved hjeelp af et koblingskredslgb (60), og sekundeere speen-
dingspéafaringsmidler pafarer hjeelpeanoden (50) spaending.

6. Udstedningsgasrensningsapparat ifglge krav 5, hvorved en diode (D1, D3)
anvendes i koblingskredslgbet (60).

7. Udstadningsgasrensningsapparat ifglge krav 5, hvorved en transistor an-
10 vendes i koblingskredslgbet (60).

8. Udstadningsgasrensningsapparat ifalge krav 5, hvorved generatoren (10,
10a-d) til elektrolyseret alkalisk vand har et antal forbundne anoder (12a-d) og
katoder (13a, 13b), koblingskredslobet (60) omfatter koblede elementer i antallet
15 svarende til antallet af kombinationer af anoder (12a-d) og katoder (13a, 13b), og
hjeelpeanoden (50) er forbundet med hver af de koblede elementer.
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DRAWINGS
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FIG.5 3
EXHAUST
_%
20 40
1 | \
\ s
\ I =5
/N/AN /N -
Y -
ExgﬁgST L3 P
§
L1
6\2 g L4 L5
P 1 5080803000505 0800080800 g >
4N ~.
SEAWATER
DEWATERED
S 30 SCUM
AIR




(1/,0080~3w) ALINIMTYMTY

FIG.6

DK/EP 2937131 T3

14000

—g—- ALKALINE

14

12000 —o— oH /

10000 [P=————— s EEE TS T oSO T 5
¢ /
S

e

8000 /

pH

6000 /

4000 /

2000 /

1

0

QUANTITY OF ELECTRICITY(C)

L i i 0
0 500 1000 1500 2000 2500 3000 3500 4000



DK/EP 2937131 T3

FIG.7
ELECTRONS
O >
O | |—14e
vV 3I | ELECTRONS
L |
Vil | |
14d | |
Dy ;
O " S A
ELECTRONS

h /

13b



DK/EP 2937131 T3

FIG.8
ELECTRONS
O
O |
| 1 _14e |
V3| | ELECTRONS
| §
| C|t~60
Vi LB |
[ 1 I\ |
I |
14d E|l
O ey I .
ELECTRONS l
I3l I1J/

O~

12d

TN
_ -
%‘2\/\



DK/EP 2937131 T3

FIG.2




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

