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METHOD AND APPARATUS FOR PURIFYING EXHAUST GAS OF VESSEL AND 

VESSEL INCLUDING THE SAME 

 

[TECHNICAL FIELD] 

[0001]   The present invention relates to method and apparatus for purifying 5 

exhaust gas of a vessel and a vessel including the same, in which carbon dioxide 

included in exhaust gas emitted from a vessel is absorbed and solidified to be 

transported to land, and more particularly, to method and apparatus for purifying 

exhaust gas of a vessel and a vessel including the same, in which ammonia water 

used as a reaction solution of a wet scrubber is recycled and reused and thereby, a 10 

tank for storing ammonia gas is not included in a vessel so that a risk for a vessel 

and crew of being exposed to ammonia gas may be removed. 

[0002]   Also, the present invention relates to method and apparatus for purifying 

exhaust gas of vessel and a vessel including the same, in which carbon dioxide and 

sulfur dioxide included in exhaust gas emitted from a vessel is absorbed and 15 

solidified to be easily transported to land. 

[BACKGROUND ART] 

[0003]   Pollutants included in exhaust gas emitted from a vessel include SOx, 

NOx, CO2, and the like which may harm to humans.  Also, when such pollutants are 

released into the atmosphere without being filtered, environmental pollution may be 20 

caused.  

[0004]   In this regard, the UN entrusted regulation problems on emission of 
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exhaust gas of vessels which sail around the world to the International Maritime 

Organization (IMO).  The IMO proceeds with various exhaust gas reduction plans 

which aim to reduce emission of exhaust gas from a vessel by 40% until 2030 and 

by 50% until 2050, compared with 2008. 

[0005]   Accordingly, the shipping industry and the shipbuilding industry are 5 

required to have solutions regarding reduction in emission of carbon dioxide which is 

major greenhouse gas. 

[0006]   Meanwhile, according to the International Energy Agency (IEA), global 

emissions of CO2 due to fuel combustion is 32.3 billion tons in 2016.  Here, CO2 

emissions due to combustion of marine bunker oil is 6.8t which is 2.1% of total 10 

emissions.  

[0007]   In Korea, a medium-and long-term road map is established and research 

business is executed to achieve a greenhouse gas reduction goal of 40% suggested 

by the IMO and technologies for reducing greenhouse gas emitted from a vessel are 

being developed and proceeded. 15 

[0008]   In particular, in 2050, as emission of carbon dioxide is aimed at reducing 

more than 50% of emissions in 2008, technologies that do not emit CO2 or collect 

emitted CO2 draw attention. 

[0009]   In this regard, technologies that do not release carbon dioxide, which is a 

major pollutant included in exhaust gas of a vessel, into the atmosphere, collect, 20 

store, and reuse carbon dioxide greatly draw attention and such technologies are 

referred to as Carbon dioxide Capture and Storage (hereinafter, referred to as CCS) 
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which includes a wet-type absorption process, a adsorption process, and a 

membrane separation process as representative technique.  Here, the wet-type 

absorption process may be a collecting technology that is the closest to 

commercialization of CCS, as technical maturity is high in onshore plant and mass 

disposal of CO2 is available.  A reaction solution of the wet-type absorption process 5 

mainly includes an amine series and ammonia gas. 

[0010]   The above ammonia gas is toxic gas which has strong corrosiveness.  If 

people breathe ammonia gas in, nose, throat, and airway mucosa are stimulated and 

got burned.  Also, hemoptysis, vomiting, and nose bleeding may be caused. 

[0011]   Accordingly, there is an urgent demand for the development of 10 

technologies that may remove a risk of an ammonia gas leak from an enclosed 

facility such as a vessel, absorb carbon dioxide included in exhaust gas emitted from 

a vessel, change the absorbed carbon dioxide into a substance that does not affect 

the environment, emit or store the substance so as to be transported to land. 

[0012]   In addition, pollutants included in exhaust gas emitted from a vessel 15 

include carbon dioxide (hereinafter, referred to as CO2), sulfur dioxide (hereinafter, 

referred to as SO2), and the like which may harm to humans.  Also, when such 

pollutants are released into the atmosphere without being filtered, environmental 

pollution may be caused.  

[0013]   In this regard, the UN entrusted regulation problems on emission of 20 

exhaust gas of vessels which sail around the world to the IMO.  The IMO proceeds 

with various exhaust gas reduction plans which aim to reduce emission of exhaust 
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gas from a vessel by 40% until 2030 and by 50% until 2050, compared with 2008. 

[0014]   In Korea, a medium-and long-term road map is established and research 

business is executed to achieve a greenhouse gas reduction goal in 2030 suggested 

by the IMO so that pre-emptive entry to an eco-vessel market is now needed with 

active technology development for reducing greenhouse gas emitted from a vessel. 5 

[0015]   Methods developed up to date to solve problems regarding exhaust gas of 

a vessel in the shipping business firstly include a use of low sulfur fuel oil as 

suggested by the IMO.  However, if such method is chosen, economic 

disadvantage may occur due to a significant price difference between low sulfur fuel 

oil and high sulfur fuel oil. 10 

[0016]   A second method includes changing SOx into sulfurous acid or sulfuric 

acid with low concentration by installing and using a scrubber that dissolves 

pollutants included in exhaust gas of an engine with a large amount of water and 

then, discharging the sulfurous acid or sulfuric acid in the sea or changing the 

sulfurous acid or sulfuric acid into sodium or calcium salts, storing and disusing the 15 

sodium or calcium salts.  However, in this method, there is a rise in demand for 

high-priced special steel and a big size scrubber needs to be equipped in a vessel so 

as to cause additional economic burden. 

[0017]   In this regard, various types of apparatuses for reducing exhaust gas of a 

vessel have been developed to absorb exhaust gas emitted from a vessel and to 20 

reduce pollutants included in the exhaust gas.  Apparatuses for removing or 

absorbing CO2 and SO2 are installed and operated on land, however, such 
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apparatuses have never commercialized in a vessel.  Therefore, there is a demand 

for the development of technologies that may absorb pollutants included in exhaust 

gas emitted from a vessel, change the absorbed carbon dioxide into a substance 

that does not affect the environment, emit or store the substance so as to be 

transported to land. 5 

[DETAILED DESCRIPTION OF THE INVENTION] 

[TECHNICAL PROBLEM] 

[0018]   The present invention provides method and apparatus for purifying 

exhaust gas of a vessel and a vessel including the same, in which ammonia water, 

which is a reaction solution used to collect carbon dioxide included in exhaust gas 10 

emitted from a vessel, may be recycled and reused so that exposure to ammonia 

gas may be minimized for a vessel and crew. 

[0019]   Also, the present invention provides method and apparatus for purifying 

exhaust gas of a vessel and a vessel including the same, in which CO2 and SO2, 

which are pollutants included in exhaust gas emitted from a vessel, may be collected 15 

by using a reaction solution, the collected CO2 and SO2 may be changed into a 

substance that does not affect the environment, and the substance may be stored 

and transported to land. 

[TECHNICAL SOLUTION] 

[0020]   An apparatus 100 for purifying exhaust gas of a vessel according to a first 20 

embodiment of the present invention is equipped with a vessel to treat exhaust gas 

generated from an exhaust gas generator and includes: a wet scrubber 110 which 
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reacts exhaust gas generated from an exhaust gas generator included in a vessel 

with a reaction solution to convert carbon dioxide included in exhaust gas into 

ammonium salt; an inlet 115 which makes inflow of exhaust gas into the inside of the 

wet scrubber 110 and an outlet 112 which discharges exhaust gas to the outside of 

the wet scrubber 110; a circulation tank 120 which produces a reaction solution 5 

reacted with exhaust gas and supplies the produced reaction solution to the wet 

scrubber 110, a transfer pump 123 which transfers ammonium salt produced by 

reacting carbon dioxide included in exhaust gas flowed through the inlet 115 with the 

reaction solution, a mixing tank 130 which includes an impeller 135 that produces 

slurry including carbonate and an ammonia solution by reacting ammonium salt 10 

transferred from the wet scrubber 110 with bivalent metal oxide or bivalent metal 

hydroxide, the sludge pump 131 which transfers sludge from the mixing tank 130 to 

a solid-liquid separator 150, a solid-liquid separator 150 which separates precipitate 

such as carbonate and an ammonia solution from the sludge transferred from the 

mixing tank 130; a first storage tank 151 which stores an ammonia solution 15 

separated from the solid-liquid separator 150; a second storage tank 160 which 

stores precipitate such as carbonate separated from the solid-liquid separator 150; a 

third storage tank 140 which supplies bivalent metal oxide or bivalent metal 

hydroxide; and a transfer pump 152 which transfers an ammonia solution stored in 

the first storage tank 151 to the circulation tank 120, if needed, bivalent metal oxide 20 

may be calcium oxide or magnesium oxide, the bivalent metal hydroxide may be 

calcium hydroxide or magnesium hydroxide, and the bivalent metal oxide or bivalent 
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metal hydroxide may be supplied in the form of powder, an aqueous solution, or 

sludge. 

[0021]   Also, a method of purifying exhaust gas of a vessel includes: i) reacting 

carbon dioxide included in exhaust gas emitted from a vessel with water to produce 

carbonic acid (H2CO3) in step 1; ii) reacting carbonic acid produced in step 1 with an 5 

ammonia solution to produce ammonium hydrogen carbonate (NH4HCO3) in step 2; 

iii) reacting ammonium hydrogen carbonate (NH4HCO3) produced in step 2 with an 

ammonia solution to produce ammonium carbonate ((NH4)2CO3) in step 3; iv) 

reacting ammonium hydrogen carbonate (NH4HCO3) and ammonium carbonate 

(NH4)2CO3 with bivalent metal oxide or bivalent metal hydroxide to produce 10 

carbonate and an ammonia solution in step 4; and v) re-supplying the ammonia 

solution produced in step 4 to step 2 in step 5, an insufficient ammonia solution may 

be generated through a reaction of an inorganic compound with calcium hydroxide 

and may be filled, the inorganic compound may include at least one selected from a 

group consisting of ammonium bicarbonate (NH4HCO3), ammonium carbonate 15 

((NH4)2CO3), ammonium bisulfite (NH4HSO4), ammonium sulfate ((NH4)2SO4), 

ammonium nitrate(NH4NO3), ammonium chloride(NH4Cl), ammonium sulfamate 

(NH4SO3NH2), and ammonium sulfite ((NH4)2SO3), and the amount of the inorganic 

compound may needs to be put by 1.0 to 2.0 times at the molar ratio of insufficient 

ammonia solution. 20 

[0022]   Also, an apparatus 1000 for purifying exhaust gas of a vessel according to 

a second embodiment of the present invention is equipped with a vessel to treat 
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exhaust gas generated from an exhaust gas generator and includes: a wet scrubber 

1100 which reacts exhaust gas generated from an exhaust gas generator with water 

and a reaction solution to change carbon dioxide and sulfur dioxide included in 

exhaust gas into mineral salt; an eleventh tank 1200 which stores the reaction 

solution reacted with exhaust gas and supplies the reaction solution to the wet 5 

scrubber 1100; a transfer pump 1230 which is included in the lower part of the wet 

scrubber 1100 and transfers a reaction solution including mineral salt to the twelfth 

tank 1300; a twelfth tank 1300 which reacts mineral salt included in a reaction 

solution including mineral salt produced in the wet scrubber 1100 with bivalent metal 

oxide or bivalent metal hydroxide to produce a reaction solution and produces sludge 10 

including carbonate and sulphate; a thirteenth tank 1400 which stores and supplies 

bivalent metal oxide or bivalent metal hydroxide to the twelfth tank 1300; a 

solid-liquid separator 1500 which separates carbonate and sulphate from the sludge 

transferred from the twelfth tank 1300; a sludge pump 1310 which transfers 

carbonate and sulphate to the solid-liquid separator 1500 from the twelfth tank 1300; 15 

a fourteenth tank 1600 which stores carbonate and sulphate separated from the 

solid-liquid separator 1500; and a fifteenth tank 1510 which stores a recycle reaction 

solution separated from the solid-liquid separator 1500 and supplies the recycle 

reaction solution to the eleventh tank 1200, the reaction solution may be a sodium 

hydroxide aqueous solution, an ammonia aqueous solution, or a mixture thereof, the 20 

reaction solution may further include at least any one of a lithium hydroxide aqueous 

solution, a potassium hydroxide aqueous solution, a calcium hydroxide aqueous 
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solution, and a magnesium hydroxide aqueous solution as an auxiliary reaction 

solution, the concentration of the lithium hydroxide aqueous solution and the 

potassium hydroxide aqueous solution may be below 15 weight% compared with the 

total reaction solution, and the concentration of the calcium hydroxide aqueous 

solution and the magnesium hydroxide aqueous solution may be below 2 weight% 5 

compared with the total reaction solution. 

[0023]   Also, a method of purifying exhaust gas of a vessel according to a second 

embodiment of the present invention includes: includes i) reacting carbon dioxide 

included in exhaust gas emitted from a vessel with water to produce carbonic acid 

(H2CO3) in step a (operation S100); ii) reacting sulfur dioxide included in exhaust gas 10 

with water to produce sulfurous acid (H2SO3) and sulfuric acid (H2SO4) in step b 

(operation S200); iii) reacting carbonic acid (H2CO3) produced in step a (operation 

S100) with sulfurous acid (H2SO3), sulfuric acid (H2SO4) produced in step b 

(operation S200), and a reaction solution to produce a reaction solution including 

mineral salt in step c (operation S300); iv) reacting the reaction solution including 15 

mineral salt produced in step c (operation S300) with bivalent metal oxide or bivalent 

metal hydroxide to produce carbonate and sulphate and to recycle a reaction 

solution at the same time in step d (operation S500); and v) separating carbonate 

and sulphate included in the recycled reaction solution by using the solid-liquid 

separator 1500 in step e (operation S600), the reaction solution may be a sodium 20 

hydroxide aqueous solution, an ammonia aqueous solution, or a mixture thereof, 0.1 

to 20 weight % of sodium hydroxide may be included in a sodium hydroxide aqueous 
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solution, 0.1 to 25 weight % of ammonia may be included in an ammonia aqueous 

solution, the reaction solution may further include at least any one of a lithium 

hydroxide aqueous solution, a potassium hydroxide aqueous solution, a calcium 

hydroxide aqueous solution, and a magnesium hydroxide aqueous solution as an 

auxiliary reaction solution, the concentration of the lithium hydroxide aqueous 5 

solution and the potassium hydroxide aqueous solution may be below 15 weight% 

compared with the total reaction solution, and the concentration of the calcium 

hydroxide aqueous solution and the magnesium hydroxide aqueous solution is below 

2 weight% compared with the total reaction solution. 

[0024]   The potassium hydroxide aqueous solution may include 20 weight % or 10 

below of potassium hydroxide and the lithium hydroxide aqueous solution may 

include 15 weight % or below of lithium hydroxide, the reaction solution may be 

produced by using pure water or seawater, the bivalent metal oxide may be calcium 

oxide or magnesium oxide, the bivalent metal hydroxide may be calcium hydroxide 

or magnesium hydroxide, and the bivalent metal oxide or bivalent metal hydroxide 15 

may be supplied in the form of powder, an aqueous solution, or sludge. In the 

method of purifying exhaust gas of a vessel, as a process or filling the reaction 

solution, oxidation-reduction potential (ORP), acidity (pH), or conductivity of the 

reaction solution may be measured to measure the concentration of the reaction 

solution so as to fill a reaction solution lost while operating. 20 

 

 [EFFECT OF THE INVENTION] 
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[0025]   According to an apparatus 100 for purifying exhaust gas of a vessel in a 

first embodiment of the present invention, carbon dioxide included in exhaust gas 

emitted from a vessel is collected and solidified and thereby, may be easily stored 

and transferred to land.  Also, self-recycling and self-reuse of an ammonia solution, 

which is a reaction solution, used in a wet scrubber 110 to absorb carbon dioxide are 5 

available in a vessel so that a risk for a vessel and crew of being exposed to 

ammonia gas may be prevented.  In this regard, consumption of ammonia (NH3) 

may be reduced and thereby, a cost of purifying exhaust gas of a vessel may be 

significantly reduced.  Also, carbon dioxide included in exhaust gas emitted from a 

vessel is absorbed so that regulations on discharge of exhaust gas by the IMO may 10 

be satisfied and release of substances which may affect the marine environmental 

pollution may be minimized. 

[0026]   In addition, according to an apparatus for purifying exhaust gas of a vessel 

in a second embodiment of the present invention, contaminants included in exhaust 

gas emitted from a vessel are collected and solidified and thereby, may be easily 15 

stored and transferred to land.  Also, self-recycling and self-reuse of a reaction 

solution used in a wet scrubber to absorb contaminants are available in a vessel so 

that a cost of purifying exhaust gas of a vessel may be significantly reduced. 

[0027]   Moreover, as oxidation-reduction potential (ORP), pH, or conductivity of 

the reaction solution is measured, a lost reaction solution may be filled and thereby, 20 

higher absorption efficiency may be obtained.  In particular, contaminants included 

in exhaust gas emitted from a vessel are absorbed so that regulations on discharge 
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of exhaust gas by the IMO may be satisfied and release of substances which may 

affect the marine environmental pollution may be minimized. 

[DESCRIPTION OF THE DRAWINGS] 

[0028]   FIG. 1 is a block diagram schematically illustrating a apparatus 100 for 

purifying exhaust gas of a vessel according to a first embodiment of the present 5 

invention; 

[0029]   FIG. 2 is a block diagram of a third storage tank 140 which stores and 

supplies a bivalent metal oxide or a bivalent metal hydroxide according to a first 

embodiment of the present invention; 

[0030]   FIG. 3 is a block diagram of a wet scrubber 110 according to a first 10 

embodiment of the present invention; 

[0031]   FIG. 4 is an analysis chart of powder X-Ray Diffraction (XRD) regarding a 

solid generated from the apparatus 100 for purifying exhaust gas of a vessel 

according to a first embodiment of the present invention; 

[0032]   FIG. 5 is a block diagram schematically illustrating an apparatus for 15 

purifying exhaust gas of a vessel according to a second embodiment of the present 

invention; 

[0033]   FIG. 6 is a block diagram of a thirteenth tank which stores and supplies 

bivalent metal oxide or bivalent metal hydroxide according to a second embodiment 

of the present invention; 20 

[0034]   FIG. 7 is a block diagram of a wet scrubber according to a second 

embodiment of the present invention; 



13 
 

[0035]   FIG. 8 is a graph which measures oxidation-reduction potential (ORP) in 

accordance with concentration of a reaction solution according to a second 

embodiment of the present invention; 

[0036]   FIG. 9 is a graph which measures pH in accordance with concentration of 

a reaction solution according to a second embodiment of the present invention; and 5 

[0037]   FIG. 10 is a graph which measures conductivity in accordance with 

concentration of a reaction solution according to a second embodiment of the 

present invention. 

[BEST MODE OF THE INVENTION]  

[0038]   It will be understood that the terms "comprises," "comprising," "includes," 10 

and/or "including," when used herein, specify the presence of stated features, 

integers, steps, elements, components, and/or combinations thereof, but do not 

preclude the presence or addition of one or more other features, integers, steps, 

elements, components, and/or combinations thereof. 

[0039]   Also, unless defined differently, all terms used in the description including 15 

technical and scientific terms have the same meaning as generally understood by 

those skilled in the art.  Terms as defined in a commonly used dictionary should be 

construed as having the same meaning as in an associated technical context, and 

unless defined apparently in the description, the terms are not ideally or excessively 

construed as having formal meaning. 20 

[0040]   Embodiments of the present invention will be described more fully below 

with reference to the accompanying drawings.  In the description, like reference 
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numerals denote like elements to easily understand the invention and overlapped 

description regarding the same elements will be omitted. 

[0041]   Hereinafter, an apparatus 100 for purifying exhaust gas of a vessel and a 

method of purifying exhaust gas of a vessel by using the same according to a first 

embodiment of the present invention will be described in more detail with reference 5 

to the accompanying drawings.  FIG. 1 is a block diagram schematically illustrating 

an apparatus 100 for purifying exhaust gas of a vessel according to a first 

embodiment of the present invention, FIG. 2 is a block diagram of a third storage 

tank 140 which stores and supplies a bivalent metal oxide or a bivalent metal 

hydroxide according to a first embodiment of the present invention, FIG. 3 is a block 10 

diagram of a wet scrubber 110 according to a first embodiment of the present 

invention, and FIG. 4 is an analysis chart of powder X-Ray Diffraction (XRD) 

regarding a solid generated from the apparatus 100 for purifying exhaust gas of a 

vessel according to a first embodiment of the present invention. 

[0042]   Referring to FIG. 1, the apparatus 100 for purifying exhaust gas of a 15 

vessel according to the first embodiment of the present invention may include the 

wet scrubber 110; an inlet 115, an outlet 112; a circulation tank 120, a transfer pump 

123, a mixing tank 130, a sludge pump 131, a solid-liquid separator 150; a first 

storage tank 151; a second storage tank 160; and a transfer pump 152, wherein the 

wet scrubber 110 reacts exhaust gas generated from an exhaust gas generator 20 

included in a vessel with a reaction solution to convert carbon dioxide included in 

exhaust gas into ammonium salt, the inlet 115 makes inflow of exhaust gas into the 
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inside of the wet scrubber 110 and the outlet 112 discharges exhaust gas to the 

outside of the wet scrubber 110; the circulation tank 120 produces a reaction solution 

reacted with exhaust gas and supplies the produced reaction solution to the wet 

scrubber 110, the transfer pump 123 transfers ammonium salt produced by reacting 

carbon dioxide included in exhaust gas flowed through the inlet 115 with the reaction 5 

solution, the mixing tank 130 includes an impeller that produces slurry including 

carbonate and an ammonia solution by reacting ammonium salt transferred from the 

wet scrubber 110 with bivalent metal oxide or bivalent metal hydroxide, the sludge 

pump 131 transfers sludge from the mixing tank 130 to the solid-liquid separator 150, 

the solid-liquid separator 150 separates precipitate such as carbonate and an 10 

ammonia solution from the sludge transferred from the mixing tank 130, the first 

storage tank 151 stores an ammonia solution separated from the solid-liquid 

separator 150, the second storage tank 160 stores precipitate such as carbonate 

separated from the solid-liquid separator 150, and the transfer pump 152 transfers 

an ammonia solution stored in the first storage tank 151 to the circulation tank 120, if 15 

needed. 

[0043]   The above described apparatus 100 for purifying exhaust gas of a vessel 

according the first embodiment of the present invention may be equipped with a 

vessel.  That is, the exhaust gas generator may be included in the hull of a vessel 

and may be, for example, a main engine, a power generation engine, or a boiler.  20 

However, the exhaust gas generator is not particularly restricted and may be any 

well-known apparatus that is included in a vessel and emits exhaust gas. 
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[0044]   More specifically, in the apparatus 100 for purifying exhaust gas of a 

vessel according to the first embodiment of the present invention, the inlet 115 is 

included at one side of the wet scrubber 110 and exhaust gas generated after fuel is 

combusted in the exhaust gas generator is flowed into the inlet 115.  

[0045]   Also, the wet scrubber 110 includes the outlet 112 at one side thereof so 5 

that flowed exhaust gas is processed and then, is discharged to the outside through 

the outlet 112. 

[0046]   According to the first embodiment of the present invention, the wet 

scrubber 110 reacts exhaust gas inflowed through the inlet 115 with a reaction 

solution to produce ammonium salt.  Here, in the wet scrubber 110, a process of 10 

spraying the reaction solution which absorbs gaseous contaminants included in 

exhaust gas is circulated and repeated and contaminants are precipitated or 

deposited on the lower part of the wet scrubber 110 as in the form of sludge.  As 

described above, the wet scrubber 110 may include the inlet 115 and the outlet 112 

for inflow and discharge of exhaust gas. 15 

[0047]   In the wet scrubber 110, a reaction solution supply line 117 is included to 

spray a reaction solution downward from the upper part of the inside of the wet 

scrubber 110 as illustrated in FIG. 3.  Here, the reaction solution supply line 117 

includes a plurality of spray nozzles (not illustrated) so as to spray the reaction 

solution downward. 20 

[0048]   Here, exhaust gas moves backwardly from the lower part to the upper part 

with respect to the reaction solution sprayed downward from the spray nozzles.  
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[0049]   Also, the wet scrubber 110 includes a filling member 119 having a high 

surface area at the lower part of the reaction solution supply line 117 as illustrated in 

FIG. 3.  As the exhaust gas passes through the filling member 119, contact 

efficiency with the reaction solution increases and thereby, removal efficiency of 

contaminants included in the exhaust gas may be increased. 5 

[0050]   In addition, according to the first embodiment of the present invention, the 

circulation tank 120 produces a reaction solution that reacts with the carbon dioxide 

by using a recycle ammonia solution stored in the first storage tank 151 and supplies 

the reaction solution to the wet scrubber 110. 

[0051]   Here, the circulation tank 120 appropriately mixes the recycled ammonia 10 

solution and water to produce an ammonia solution which is a reaction solution of 

carbon dioxide. 

[0052]   In addition, the wet scrubber 110 includes the transfer pump 123 at the 

lower part thereof to transfer ammonium salt produced after being reacted with 

carbon dioxide included in the exhaust gas to the mixing tank 130 as illustrated in 15 

Chemical Formulas 1 through 4 below. 

[0053]   The mixing tank 130 reacts ammonium salt transferred from the wet 

scrubber 110 by the transfer pump 123 with bivalent metal oxide or bivalent metal 

hydroxide to recycle an ammonia solution and to form slurry including carbonate. 

[0054]   According to the first embodiment of the present invention, bivalent metal 20 

oxide may be calcium oxide (CaO) or magnesium oxide (MgO) and bivalent metal 

hydroxide may be calcium hydroxide Ca (OH)2 or magnesium hydroxide Mg(OH)2. 
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[0055]   According to the first embodiment of the present invention, the mixing tank 

130 may include an impeller 135 operated by a motor as illustrated in FIG. 2 in order 

to easily mix the ammonium salt with bivalent metal oxide or bivalent metal 

hydroxide. 

[0056]   In addition, according to the first embodiment of the present invention, 5 

ammonium salt reacts with bivalent metal oxide or bivalent metal hydroxide and 

sludge including carbonate and an ammonia solution may be produced in the mixing 

tank 130 as illustrated in Chemical Formulas 5 through 6. 

[0057]   The mixing tank 130 may include the sludge pump 131 at one side thereof 

to transfer sludge including carbonate produced in the mixing tank 130, after a 10 

reaction is completed as above. 

[0058]   Moreover, the apparatus 100 for purifying exhaust gas of a vessel 

according to the present invention may include the solid-liquid separator 150 to 

separate sludge including carbonate and an ammonia solution produced after a 

reaction is completed as illustrated in Chemical Formulas 7 through 12. 15 

[0059]   According to the first embodiment of the present invention, precipitate 

such as carbonate and the produced ammonia solution are mixed in the sludge so 

that the ammonia solution and the sludge need to be separated from each other to 

reuse the ammonia solution as a reaction solution afterward. 

[0060]   That is, as the sludge includes 20 to 50 weight% of the ammonia solution, 20 

various techniques or apparatuses for separating the ammonia solution from the 

sludge are suggested.  Here, the solid-liquid separator 150 may be a representative 
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apparatus. 

[0061]   Such a solid-liquid separator 150 may be in a filter press type or a belt 

press type.  The filter press type or the belt press type solid-liquid separator 150 is 

installed for a filter cloth belt to pass through a plurality of rollers so that sludge is 

inserted into the filter cloth belt, transferred, and is pressurized by the rollers.  5 

Accordingly, the ammonia solution may be separated from the sludge. 

[0062]   According to the first embodiment of the present invention, the ammonia 

solution transfer pump 152 which transfers the ammonia solution from the first 

storage tank 151 to the circulation tank 120 may be further included to reuse the 

ammonia solution separated from the solid-liquid separator 150, when carbon 10 

dioxide included in exhaust gas is collected. 

[0063]   The above described apparatus 100 for purifying exhaust gas of a vessel 

according the first embodiment of the present invention may be equipped with a 

vessel.  That is, the exhaust gas generator used to generate the exhaust gas may 

be included in the hull of a vessel and may be, for example, a main engine, a power 15 

generation engine, or a boiler.  However, the exhaust gas generator is not 

particularly restricted and may be any well-known apparatus that emits exhaust gas. 

[0064]   In the exhaust gas generator, bunker C oil may be used as fuel.  Bunker 

C oil which is vessel fuel has high calorific value and efficiency while in combustion 

and thereby, great amounts of energy may be generated.  That is, compared with 20 

the calorific value of coal which is 5,000 to 7,000 ㎉/㎏, the calorific value of bunker 

C oil is 10,000 to 11,000 ㎉/㎏, which is about 2 times higher than that of coal. 
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[0065]   Also, bunker C oil is cheaper than crude oil and thereby, is used a lot in a 

vessel or power plant. 

[0066]   In general, bunker C oil is composed of hydrocarbon compounds with 

carbon number of above 13, easily generates contaminants during combustion, and 

particularly includes a lot of environmental pollutants including sulfur. 5 

[0067]   A method of recycling and reusing an ammonia solution, which is used as 

a reaction solution for collecting carbon dioxide included in exhaust gas, by using 

bivalent metal oxide or bivalent metal hydroxide in the apparatus 100 for purifying 

exhaust gas of a vessel according to the first embodiment of the present invention 

will be described in more detail below with reference to FIG. 2. 10 

[0068]   That is, a reaction of an ammonia solution which is a reaction solution with 

carbon dioxide, wherein the carbon dioxide is contaminant included in exhaust gas 

generated from the exhaust gas generator included in a vessel, is as in Chemical 

Formula 1 through Chemical Formula 4 below.  In general, an ammonia solution is 

produced by dissolving ammonia gas in water.  Here, solubility of ammonia gas to 15 

water is about 29 to 30 weight%.  Accordingly, about 70 weight% of water exists in 

the ammonia solution. 

[0069]   Therefore, carbon dioxide included in exhaust gas reacts with water to 

produce carbonic acid as in Chemical Formula 1 (step 1).  Here, water reacting with 

carbon dioxide may exist in the ammonia solution.  20 

[0070]   (Chemical Formula 1)   CO2 + H2O → H2CO3   

[0071]   (Chemical Formula 2)   NH4OH + H2CO3 → NH4HCO3 + H2O 
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[0072]   (Chemical Formula 3)   NH4OH + NH4HCO3 → (NH4)2CO3 + H2O 

[0073]   (Chemical Formula 4)   2NH4OH + H2CO3 → (NH4)2CO3 + 2H2O 

[0074]   As in Chemical Formula 2, carbonic acid reacts with an ammonia solution 

to produce ammonium hydrogen carbonate (NH4HCO3) and water (step 2).  Also, 

ammonium hydrogen carbonate (NH4HCO3) produced in Chemical Formula 2 reacts 5 

with an ammonia solution to produce ammonium carbonate ((NH4)2CO3) and water 

as in Chemical Formula 3 (step 3). 

[0075]   As above, when ammonium hydrogen carbonate (NH4HCO3) and 

ammonium carbonate (NH4)2CO3 which are reaction products of carbon dioxide and 

an ammonia solution are removed and an ammonia solution is continuously supplied 10 

to the wet scrubber 110, carbon dioxide which is contaminant included in exhaust 

gas generated from a vessel may be continuously removed. 

[0076]   According to the prior art, a large amount of ammonia gas used to produce 

the ammonia solution needs to be stored in a vessel, in order to continuously supply 

an ammonia solution which is a reaction solution to the wet scrubber 110.  However, 15 

when a large amount of ammonia gas is stored in a vessel and the vessel is run, 

there is a risk that ammonia gas is exposed. 

[0077]   In order to solve such problem, ammonium hydrogen carbonate 

(NH4HCO3) and ammonium carbonate (NH4)2CO3 which are reaction products of 

carbon dioxide and an ammonia solution, which is the reaction solution, react with 20 

bivalent metal oxide or bivalent metal hydroxide to be recycled as sludge including 

carbonate and an ammonia solution in the first embodiment of the present invention 



22 
 

(step 4).  Also, the ammonia solution and sludge are separated from each other and 

thereby, the ammonia solution may be reused as a reaction solution for collecting 

carbon dioxide included in exhaust gas (step 5). 

[0078]   In addition, as sludge including carbonate is solidified, the solidified sludge 

may be easily and safely stored in a vessel. 5 

[0079]   That is, a method of solidifying sludge including carbonate is the safest 

method of storing carbon dioxide and thereby, there is no concern about 

re-discharge of carbon dioxide. 

[0080]   A reaction of recycling an ammonia solution by reacting ammonium 

hydrogen carbonate and ammonium carbonate, which are products generated after 10 

carbon dioxide reacts with ammonia solution as a reaction solution, with calcium 

hydroxide which is bivalent metal hydroxide is as in Chemical Formula 5 through 

Chemical Formula 6. 

[0081]   (Chemical Formula 5)  NH4HCO3 + Ca(OH)2 → NH4OH + CaCO3 + H2O   

[0082]   (Chemical Formula 6)  (NH4)2CO3 + Ca(OH)2 → 2NH4OH + CaCO3  15 

[0083]   As described above, sludge produced by reacting an ammonia solution, 

which is a reaction solution, with ammonium hydrogen carbonate or ammonium 

carbonate is analyzed with X-ray diffraction (XRD) and the result is shown in FIG. 4.  

In FIG. 4, it is identified that the produced sludge is calcium carbonate. 

[0084]   As described above, according to another example of the first embodiment 20 

of the present invention, Chemical Formula which recycles an ammonia solution by 

reacting ammonium hydrogen carbonate and ammonium carbonate, which are 
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products generated after carbon dioxide reacts with ammonia solution as a reaction 

solution, with calcium oxide which is bivalent metal oxide is as in Chemical Formulas 

7 and 8 below. 

[0085]   (Chemical Formula 7)   NH4HCO3 + CaO → NH4OH + CaCO3 

[0086]   (Chemical Formula 8)   (NH4)2CO3 + CaO + H2O → 2NH4OH + CaCO3 5 

[0087]   Also, as described above, Chemical Formula which recycles an ammonia 

solution by reacting ammonium hydrogen carbonate and ammonium carbonate, 

which are products generated after carbon dioxide reacts with ammonia solution as a 

reaction solution, with magnesium oxide which is bivalent metal oxide is as in 

Chemical Formulas 9 and 10 below. 10 

[0088]   (Chemical Formula 9)   NH4HCO3 + MgO → NH4OH + MgCO3  

[0089]   (Chemical Formula 10)  (NH4)2CO3 + MgO → 2NH4OH + MgCO3 

[0090]   In addition, as described above, Chemical Formula which recycles an 

ammonia solution by reacting ammonium hydrogen carbonate and ammonium 

carbonate, which are products generated after carbon dioxide reacts with ammonia 15 

solution as a reaction solution, with magnesium hydroxide which is bivalent metal 

hydroxide is as in Chemical Formulas 11 and 12 below.  

[0091]   (Chemical Formula 11)   NH4HCO3 + Mg(OH)2 → NH4OH + MgCO3 + 

2H2O   

[0092]   (Chemical Formula 12)   (NH4)2CO3 + Mg(OH)2 → 2NH4OH + MgCO3  20 

[0093]   A reaction solution reacted with carbon dioxide included in exhaust gas is 

transferred to the mixing tank 130 from the wet scrubber 110 through the transfer 
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pump 123. 

[0094]   Bivalent metal oxide or bivalent metal hydroxide is supplied from the third 

storage tank 140 to the mixing tank 130 where the transferred reaction solution 

reacted with carbon dioxide included in exhaust gas is filled.  Here, bivalent metal 

oxide or bivalent metal hydroxide may be supplied in an appropriate form such as 5 

powder, an aqueous solution, or sludge. 

[0095]   According to the first embodiment of the present invention, an amount of 

bivalent metal oxide or bivalent metal hydroxide supplied to the mixing tank 130 may 

be calculated by using Chemical Formula 5 through Chemical Formula 12.  That is, 

bivalent metal oxide or bivalent metal hydroxide reacts with ammonium hydrogen 10 

carbonate and ammonium carbonate by the equivalence ratio of 1:1 and thereby, 

bivalent metal oxide or bivalent metal hydroxide may be supplied with the 

equivalence ratio that is same as an amount of treating ammonium hydrogen 

carbonate and ammonium carbonate. 

[0096]   When bivalent metal oxide or bivalent metal hydroxide is supplied to the 15 

mixing tank 130 as described above, bivalent metal oxide or bivalent metal hydroxide 

reacts with a reaction solution reacted with carbon dioxide included in exhaust gas 

as in Chemical Formula 5 through Chemical Formula 12. 

[0097]   As described above, when bivalent metal oxide or bivalent metal hydroxide 

reacts with a reaction solution reacted with carbon dioxide included in exhaust gas, 20 

carbonate such as calcium carbonate or magnesium carbonate and an ammonia 

solution are produced as indicated in Chemical Formula 5 through Chemical Formula 
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12. 

[0098]   Here, the reaction time needed to react a reaction solution reacted with 

carbon dioxide with bivalent metal oxide or bivalent metal hydroxide may be 30 to 

120 minutes. 

[0099]   Carbonate such as calcium carbonate or magnesium carbonate produced 5 

by reacting a reaction solution reacted with carbon dioxide included in exhaust gas 

with bivalent metal oxide or bivalent metal hydroxide is mixed with an ammonia 

solution and is precipitated on the lower part of the mixing tank 130 in the forms of 

sludge.  After the reaction time is passed, the sludge pump 131 included in the 

lower part of the mixing tank 130 is used to transfer sludge to the solid-liquid 10 

separator 150.  Sludge transferred by the sludge pump 131 is separated into 

carbonate, which is a solid substance, and ammonia solution, which is liquid, in the 

solid-liquid separator 150. 

[00100]   Precipitate including the separated carbonate is transferred to the second 

storage tank 160 and the separated ammonia solution is transferred to the first 15 

storage tank 151. 

[00101]   The ammonia solution stored in the first storage tank 151 as above may 

be transferred to the circulation tank 120 by using the transfer pump 152 and then, 

may be produced as a reaction solution, if needed.  Then, the reaction solution may 

be supplied to the wet scrubber 110, which treats exhaust gas, and may be reused 20 

as a reaction solution.  

[00102]   Also, the precipitate including carbonate stored in the second storage tank 



26 
 

160 may be solidified and stored according to a well-known method.  When a 

vessel arrives at land, the solidified and stored precipitate is left a vessel and treated. 

[00103]   Here, as an ammonia solution may be included in precipitate while in 

separation of an ammonia solution and precipitate in the solid-liquid separator 150 or 

may be discharged along with exhaust gas to the upper end of the wet scrubber 110, 5 

a loss of an ammonia solution, which is a reaction solution, may occur to a certain 

degree.  

[00104]   As described above, when an ammonia solution is lost and is insufficient, 

the operating time of the apparatus 100 for purifying exhaust gas of a vessel may 

lengthen and absorption efficiency of carbon dioxide included in exhaust gas may be 10 

lowered. 

[00105]   In order to solve such problems, an ammonia solution, which may be 

insufficient to operate the apparatus 100 for purifying exhaust gas of a vessel, is 

supplied more by 1.0 to 2.0 times at the equivalence ratio of to-be-treated 

ammonium hydrogen carbonate and ammonium carbonate and thereby, an 15 

insufficient ammonia solution may be filled in the first embodiment of the present 

invention.  As an ammonia solution is filled as above, the operating time of the 

apparatus 100 for purifying exhaust gas may be shortened and absorption efficiency 

of carbon dioxide may be raised. 

[00106]   Generally, ammonia gas used to produce an ammonia solution, which is a 20 

reaction solution reacted with exhaust gas, has bad smell and is toxic.  Accordingly, 

when ammonia gas is handled in a vessel, there is a possibility of being exposed to 
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crew.  In particular, ammonia gas used to produce a reaction solution of exhaust 

gas in a vessel is highly toxic and safety of crew may not be secured if ammonia gas 

is leaked in a vessel. 

[00107]   In the present invention, in order to prevent crew from being exposed to 

ammonia gas, a tank used to store ammonia gas is not included in a vessel and a 5 

reaction solution reacted with exhaust gas reacts with bivalent metal oxide or 

bivalent metal hydroxide so as to be recycled as an ammonia solution. 

[00108]   Also, the ammonia solution recycled as above is supplied to the wet 

scrubber 110 and is reused and thus, a tank for storing ammonia gas is not needed 

in a vessel. 10 

[00109]   That is, according to the first embodiment of the present invention, an 

ammonia solution reacted with carbon dioxide included in exhaust gas is recycled 

and reused so that safety of entire crew and vessel may be improved. 

[00110]   In the mixing tank 130, a reaction solution reacted with carbon dioxide 

included in exhaust gas and bivalent metal oxide or bivalent metal hydroxide 15 

supplied from the third storage tank 140 are reacted with each other and thereby, a 

recycling reaction of the ammonia solution which may be reused as a reaction 

solution is accomplished. 

[00111]   An amount of bivalent metal oxide or bivalent metal hydroxide supplied 

from the third storage tank 140 to the mixing tank 130 may be estimated by 20 

analyzing pH or oxidation-reduction potential (ORP) of sludge including ammonium 

salt such as ammonium hydrogen carbonate (NH4HCO3) and ammonium carbonate 
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(NH4)2CO3 supplied to the mixing tank 130. 

[00112]   That is, as pH or ORP of sludge including ammonium salt such as 

ammonium hydrogen carbonate (NH4HCO3) and ammonium carbonate (NH4)2CO3 is 

analyzed, acidity or ORP of sludge may be measured and thereby, a supplied 

amount of bivalent metal oxide or bivalent metal hydroxide may be estimated. 5 

[00113]   That is, according to the present invention, a supplied amount of bivalent 

metal oxide or bivalent metal hydroxide may increase by 1.0 to 2.0 times at the molar 

ratio to the estimated value. 

[00114]   When an amount of bivalent metal oxide or bivalent metal hydroxide is 

supplied below 1.0 time at the molar ratio, recycling efficiency of the ammonia 10 

solution is low.  Also, when an amount of bivalent metal oxide or bivalent metal 

hydroxide is supplied over 2.0 times at the molar ratio, extra bivalent metal oxide or 

bivalent metal hydroxide is extracted and emitted. 

[00115]   Accordingly, safety issue on a vessel and crew may not occur while in 

storing, loading, and unloading. 15 

[00116]   Also, excessively supplied bivalent metal oxide or bivalent metal hydroxide 

increases concentration of an ammonia solution and thereby, absorption efficiency of 

carbon dioxide may increase. 

[00117]   In addition, according to the first embodiment of the present invention, in 

order not to install a tank for storing ammonia gas in a vessel, a method of dissolving 20 

ammonia gas may not be used and instead, an inorganic compound may react with 

calcium hydroxide to directly produce an ammonia solution. 
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[00118]   That is, the inorganic compound used to directly produce an ammonia 

solution may include ammonium bicarbonate (NH4HCO3), ammonium carbonate 

((NH4)2CO3), ammonium bisulfite (NH4HSO4), ammonium sulfate ((NH4)2SO4), 

ammonium nitrate (NH4NO3), ammonium chloride (NH4Cl), ammonium sulfamate 

(NH4SO3NH2), or ammonium sulfite ((NH4)2SO3). 5 

[00119]   The inorganic compound reacts with calcium hydroxide to produce an 

ammonia solution.  The above produced ammonia solution is supplied to the wet 

scrubber 110 through the circulation tank 120 and thereby, a storage tank of 

ammonia gas used to produce an ammonia solution which is a reaction solution is 

not needed in a vessel. 10 

[00120]   According to the present invention, when an ammonia solution is produced 

by using an inorganic compound, the amount of the inorganic compound needs to be 

put by 1.0 to 2.0 times at the molar ratio of insufficient ammonia solution. 

[00121]   Also, according to the first embodiment of the present invention, a vessel 

including the apparatus 100 for purifying exhaust gas of a vessel described above 15 

may be provided. 

[00122]   As concentration of an ammonia solution, which is a reaction solution, is 

uniformly maintained by the apparatus 100 for purifying exhaust gas of a vessel as 

above, absorption performance of the wet scrubber 110 may be prevented from 

being lowered, regulations on discharge of exhaust gas by the IMO may be satisfied, 20 

and carbon dioxide may be changed into a substance that does not affect the 

environment so as to be separately discharged or stored.  
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[00123]   Also, as an ammonia solution is recycled and reused, consumption of 

ammonia, which is relatively high-priced, may be minimized and thereby, a cost of 

purifying exhaust gas of a vessel may be significantly reduced. 

[00124]   Meanwhile, as carbon dioxide included in exhaust gas emitted from a 

vessel is solidified and stored in an appropriate reservoirs in a vessel, storage, 5 

resource recovery, and industrial utilization of collected carbon dioxide may be 

available. 

[00125]   A method of purifying exhaust gas of a vessel according to the first 

embodiment of the present invention described above may include i) reacting carbon 

dioxide included in exhaust gas emitted from a vessel with water to produce carbonic 10 

acid (H2CO3) in step 1; 

[00126]   ii) reacting carbonic acid produced in step 1 with an ammonia solution to 

produce ammonium hydrogen carbonate (NH4HCO3) in step 2; 

[00127]   iii) reacting ammonium hydrogen carbonate (NH4HCO3) produced in step 2 

with an ammonia solution to produce ammonium carbonate ((NH4)2CO3) in step 3; 15 

[00128]   iv) reacting ammonium hydrogen carbonate (NH4HCO3) and ammonium 

carbonate (NH4)2CO3 with bivalent metal oxide or bivalent metal hydroxide to 

produce carbonate and an ammonia solution in step 4; and 

[00129]   v) re-supplying the ammonia solution produced in step 4 to step 2 in step 

5. 20 

[00130]   Also, method and apparatus for purifying exhaust gas of a vessel and a 

vessel including the same according to a second embodiment of the present 



31 
 

invention will be described in more detail with reference to the accompanying 

drawings.  FIG. 5 is a block diagram schematically illustrating an apparatus 1000 for 

purifying exhaust gas of a vessel according to a second embodiment of the present 

invention, FIG. 6 is a block diagram of a thirteenth tank 1400 which stores and 

supplies bivalent metal oxide or bivalent metal hydroxide according to a second 5 

embodiment of the present invention, FIG. 7 is a block diagram of a wet scrubber 

1100 according to a second embodiment of the present invention, FIG. 8 is a graph 

which measures oxidation-reduction potential (ORP) in accordance with 

concentration of a reaction solution according to a second embodiment of the 

present invention, FIG. 9 is a graph which measures pH in accordance with 10 

concentration of a reaction solution according to a second embodiment of the 

present invention, and FIG. 10 is a graph which measures conductivity in 

accordance with concentration of a reaction solution according to a second 

embodiment of the present invention. 

[00131]   Referring to FIG. 5, the apparatus 1000 for purifying exhaust gas of a 15 

vessel according to the second embodiment of the present invention may include the 

wet scrubber 1100; an eleventh tank 1200; a transfer pump 1230; a twelfth tank 

1300; the thirteenth tank 1400; a solid-liquid separator 1500; a sludge pump 1310; a 

fourteenth tank 1600; and fifteenth tank 1510, wherein the wet scrubber 1100 reacts 

exhaust gas generated from an exhaust gas generator with water and a reaction 20 

solution to change carbon dioxide and sulfur dioxide included in exhaust gas into 

mineral salt, the eleventh tank 1200 stores the reaction solution reacted with exhaust 
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gas and supplies the reaction solution to the wet scrubber 1100, the transfer pump 

1230 is included in the lower part of the wet scrubber 1100 and transfers a reaction 

solution including mineral salt to the twelfth tank 1300, the twelfth tank 1300 reacts 

mineral salt included in a reaction solution including mineral salt produced in the wet 

scrubber 1100 with bivalent metal oxide or bivalent metal hydroxide to recycle a 5 

reaction solution and produces sludge including carbonate and sulphate, the 

thirteenth tank 1400 stores and supplies bivalent metal oxide or bivalent metal 

hydroxide to the twelfth tank 1300, the solid-liquid separator 1500 separates 

carbonate and sulphate from the sludge transferred from the twelfth tank 1300, the 

sludge pump 1310 transfers carbonate and sulphate to the solid-liquid separator 10 

1500 from the twelfth tank 1300, the fourteenth tank 1600 stores carbonate and 

sulphate separated from the solid-liquid separator 1500, and the fifteenth tank 1510 

stores a recycle reaction solution separated from the solid-liquid separator 1500 and 

supplies the recycle reaction solution to the eleventh tank 1200. 

[00132]   The above described apparatus 1000 for purifying exhaust gas of a vessel 15 

according the second embodiment of the present invention may be equipped with a 

vessel.  That is, the apparatus 1000 for purifying exhaust gas of a vessel may be 

equipped with one side of a hull of a vessel and the exhaust gas generator may be, 

for example, a main engine, a power generation engine, or a boiler.  However, the 

exhaust gas generator is not particularly restricted and may be any well-known 20 

apparatus that is included in a vessel and emits exhaust gas. 

[00133]   More specifically, the apparatus 1000 for purifying exhaust gas of a vessel 
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according to the second embodiment of the present invention firstly includes the wet 

scrubber 1100 which reacts exhaust gas with water and a reaction solution to 

change CO2 and SO2 included in exhaust gas into mineral salt. 

[00134]   As illustrated in FIG. 5, the inlet 1150 is included at one side of the wet 

scrubber 1100 and exhaust gas generated after fuel is combusted in the exhaust gas 5 

generator equipped with a vessel is flowed into the inlet 1150.  Also, the wet 

scrubber 1100 includes the outlet 1120 at one side thereof so that flowed exhaust 

gas is processed and then, is discharged to the outside through the outlet 1120. 

[00135]   According to the second embodiment of the present invention, the wet 

scrubber 1100 reacts exhaust gas inflowed through the inlet 1150 with water and a 10 

reaction solution to produce mineral salt.  Here, in the wet scrubber 1100, a process 

of spraying the reaction solution which absorbs gaseous contaminants included in 

exhaust gas is circulated and repeated and contaminants are precipitated or 

deposited on the lower part of the wet scrubber 1100 as in the form of sludge. 

[00136]   In the wet scrubber 1100, a reaction solution supply line 1170 is included 15 

to spray a reaction solution downward from the upper part of the inside of the wet 

scrubber 1100 as illustrated in FIG. 7.  Here, the reaction solution supply line 1170 

includes a plurality of spray nozzles (not illustrated) so as to spray the reaction 

solution downward. 

[00137]   Here, exhaust gas moves backwardly from the lower part to the upper part 20 

with respect to the reaction solution sprayed downward from the spray nozzles. 

[00138]   Also, the wet scrubber 1100 includes a filling member 1190 having a high 
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surface area at the lower part of the reaction solution supply line 1170 as illustrated 

in FIG. 7.  As the exhaust gas passes through the filling member 1190, contact 

efficiency with the reaction solution increases and thereby, removal efficiency of 

contaminants such as carbon dioxide and sulfur dioxide included in the exhaust gas 

may be increased. 5 

[00139]   In addition, according to the second embodiment of the present invention, 

eleventh tank 1200 stores and supplies the reaction solution to the wet scrubber 

1100.   

[00140]   According to the second embodiment of the present invention, the reaction 

solution may be an ammonia aqueous solution, a sodium hydroxide aqueous 10 

solution, or a mixture thereof.  Also, the reaction solution may further include a 

lithium hydroxide aqueous solution, a potassium hydroxide aqueous solution, a 

calcium hydroxide aqueous solution, or a magnesium hydroxide aqueous solution as 

an auxiliary reaction solution, in order to improve collection efficiency of CO2 and 

SO2. 15 

[00141]   Here, the concentration of the lithium hydroxide aqueous solution and the 

potassium hydroxide aqueous solution may be below 15 weight% compared with the 

total reaction solution and the concentration of the calcium hydroxide aqueous 

solution and the magnesium hydroxide aqueous solution may be below 2 weight% 

compared with the total reaction solution. 20 

[00142]   That is, prevention of a side reaction of the reaction solution in which the 

concentration of a lithium hydroxide aqueous solution and a potassium hydroxide 
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aqueous solution exceeds 15 weight% compared with the total reaction solution or 

the concentration of a calcium hydroxide aqueous solution and a magnesium 

hydroxide aqueous solution may exceeds 2 weight% may be insignificant and 

enhancement effect for the saturated concentration of the reaction solution is low.  

Accordingly, effect of adding the auxiliary reaction solution is lowered. 5 

[00143]   The eleventh tank 1200 stores the reaction solution and supplied the 

reaction solution to the wet scrubber 1100, if needed. 

[00144]   Also, the wet scrubber 1100 includes the transfer pump 1230 at the lower 

part thereof to transfer mineral salt produced after being reacted with CO2 and SO2 

included in exhaust gas to the twelfth tank 1300. 10 

[00145]   The twelfth tank 1300 reacts mineral salt included in the reaction solution 

transferred from the wet scrubber 1100 by the transfer pump 1230 with bivalent 

metal oxide or bivalent metal hydroxide to recycle a reaction solution. 

[00146]   In addition, according to the present invention, the thirteenth tank 1400 

which stores and supplies bivalent metal oxide or bivalent metal hydroxide may be 15 

included to supply bivalent metal oxide or bivalent metal hydroxide to the twelfth tank 

1300. 

[00147]   In the twelfth tank 1300, sludge including carbonate and sulphate 

produced by recycling a reaction solution is formed.  

[00148]   According to the second embodiment of the present invention, bivalent 20 

metal oxide which recycles a reaction solution by being reacted with mineral salt and 

forms sludge including carbonate and sulphate may be calcium oxide (CaO) or 
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magnesium oxide (MgO) and bivalent metal hydroxide may be calcium hydroxide 

(Ca(OH)2) or magnesium hydroxide (Mg(OH)2). 

[00149]   According to the present invention, the twelfth tank 1300 may include an 

impeller 1350 operated by a motor as illustrated in FIG. 6 in order to easily mix the 

mineral salt with bivalent metal oxide or bivalent metal hydroxide. 5 

[00150]   According to the second embodiment of the present invention, mineral salt 

reacts with bivalent metal oxide or bivalent metal hydroxide, sludge including 

carbonate and sulphate is produced, and a reaction solution is recycled in the twelfth 

tank 1300. 

[00151]   Here, the reaction time needed to react a reaction solution reacted with 10 

mineral salt with bivalent metal oxide or bivalent metal hydroxide may be 30 to 120 

minutes. 

[00152]   Carbonate and sulphate produced by reacting a reaction solution reacted 

with contaminants such as CO2 and SO2 included in exhaust gas with bivalent metal 

oxide or bivalent metal hydroxide is mixed with a recycled reaction solution and is 15 

precipitated on the lower part of the twelfth tank 1300 in the forms of sludge.  After 

the reaction time is passed, the sludge pump 1310 included in the lower part of the 

twelfth tank 1300 is used to transfer sludge to the solid-liquid separator 1500.   

[00153]   Sludge transferred by the sludge pump 1310 is separated into carbonate 

and sulphate, which are solid substances, and a recycling reaction solution, which is 20 

liquid, in the solid-liquid separator 1500. 

[00154]   Carbonate and sulphate separated in the solid-liquid separator 1500 as 



37 
 

above is transferred to the fourteenth tank 1600 and the separated reaction solution 

is transferred to the fifteenth tank 1510. 

[00155]   The recycling reaction solution recycled and stored in the fifteenth tank 

1510 as above may be supplied to the wet scrubber 1100 which treats exhaust gas 

through the eleventh tank 1200 and may be reused as a reaction solution, if needed. 5 

[00156]   Also, the precipitate including carbonate and sulphate stored in the 

fourteenth tank 1600 may be solidified and stored according to a well-known method.  

When a vessel arrives at land, the solidified and stored precipitate is left a vessel 

and treated. 

[00157]   Here, as a reaction solution may be included in precipitate while in 10 

separation of a reaction solution, carbonate, and sulphate in the solid-liquid 

separator 1500 or may be discharged along with exhaust gas to the upper end of the 

wet scrubber 1100, a loss of a reaction solution may occur to a certain degree.  

[00158]   As described above, when a reaction solution is lost and is insufficient, the 

operating time of the apparatus 1000 for purifying exhaust gas of a vessel may 15 

lengthen and absorption efficiency of CO2 and SO2 included in exhaust gas may be 

lowered. 

[00159]   In order to solve such problems, a reaction solution, which may be 

insufficient to operate the apparatus 1000 for purifying exhaust gas of a vessel, is 

supplied more by 1.0 to 2.0 times at the equivalence ratio of to-be-treated carbonic 20 

acid, sulfuric acid, and sulfurous acid and thereby, an insufficient reaction solution 

may be filled in the second embodiment of the present invention. 
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[00160]   In a sodium hydroxide aqueous solution and an ammonia aqueous 

solution which are reaction solution according to the second embodiment of the 

present invention, the concentration, ORP, pH, and conductivity approximately 

indicate linear correlation as in FIGS. 8 through 10. 

[00161]   That is, as illustrated in FIG. 8, linear correlation is shown in the 5 

concentration of the reaction solution and ORP measured values which are inverse 

proportional.  In FIG. 9, linear correlation is shown in the concentration of the 

reaction solution and pH which are proportional.  In FIG. 10, linear correlation is 

shown in the concentration of the reaction solution and conductivity which are 

proportional. 10 

[00162]   Accordingly, any one of ORP, pH, or conductivity of a reaction solution is 

measured to measure the concentration of a reaction solution and thus, the 

concentration of an insufficient reaction solution may be calculated.  Accordingly, a 

reaction solution, which is insufficient, is supplied more by 1.0 to 2.0 times at the 

equivalence ratio of to-be-treated carbonic acid, sulfuric acid, and sulfurous acid so 15 

that an insufficient reaction solution may be filled. 

[00163]   As a reaction solution is filled as above, the operating time of the 

apparatus 1000 for purifying exhaust gas of a vessel according to the second 

embodiment of the present invention may be shortened and absorption efficiency of 

the contaminants may be raised. 20 

[00164]   The twelfth tank 1300 may include the sludge pump 1310 at one side 

thereof to transfer sludge including carbonate and sulphate produced in the twelfth 
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tank 1300 to the solid-liquid separator 1500, after a reaction of CO2 and SO2 with a 

reaction solution is completed as above. 

[00165]   According to the second embodiment of the present invention, precipitate 

such as carbonate and sulphate is mixed with the recycled reaction solution in the 

sludge so that the reaction solution and the sludge need to be separated from each 5 

other to reuse the reaction solution afterward. 

[00166]   That is, as the sludge includes 20 to 50 weight% of the recycled reaction 

solution, various techniques or apparatuses for separating the recycled reaction 

solution from the sludge are suggested.  Here, the solid-liquid separator 1500 may 

be a representative apparatus. 10 

[00167]   Such a solid-liquid separator 1500 may be in a filter press type or a belt 

press type.  The filter press type or the belt press type solid-liquid separator 1500 is 

installed for a filter cloth belt to pass through a plurality of rollers so that sludge is 

inserted into the filter cloth belt, transferred, and is pressurized by the rollers.  

Accordingly, the reaction solution may be separated from the sludge. 15 

[00168]   According to the second embodiment of the present invention, the reaction 

solution transfer pump 1520 which transfers the reaction solution from the fifteenth 

tank 1510 to the eleventh tank 1200 may be further included to reuse the recycled 

reaction solution separated from the solid-liquid separator 1500, when CO2 and SO2 

included in exhaust gas is absorbed. 20 

[00169]   In addition, the apparatus 1000 for purifying exhaust gas of a vessel 

according to the second embodiment of the present invention includes the thirteenth 
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tank 1400 to supply bivalent metal oxide or bivalent metal hydroxide to the twelfth 

tank 1300.  Here, bivalent metal oxide or bivalent metal hydroxide may be supplied 

in an appropriate form such as powder, an aqueous solution, or sludge. 

[00170]   The apparatus 1000 for purifying exhaust gas of a vessel according to the 

second embodiment of the present invention includes the fourteenth tank 1600 to 5 

store carbonate and sulphate separated from the solid-liquid separator 1500 and the 

separated recycled reaction solution is transferred to and stored in the fifteenth tank 

1510. 

[00171]   The above described apparatus 1000 for purifying exhaust gas of a vessel 

according the second embodiment of the present invention may be equipped with a 10 

vessel.  That is, the exhaust gas generator to generate exhaust gas may be 

included in the hull of a vessel and may be, for example, a main engine, a power 

generation engine, or a boiler.  However, the exhaust gas generator is not 

particularly restricted and may be any well-known apparatus that emits exhaust gas. 

[00172]   In the exhaust gas generator, bunker C oil may be used as fuel.  Bunker 15 

C oil which is vessel fuel has high calorific value and efficiency while in combustion 

and thereby, great amounts of energy may be generated.  That is, compared with 

the calorific value of coal which is 5,000 to 7,000 ㎉/㎏, the calorific value of bunker 

C oil is 10,000 to 11,000 ㎉/㎏, which is about 2 times higher than that of coal. 

[00173]   Also, bunker C oil is cheaper than crude oil and thereby, is used a lot in a 20 

vessel or power plant. 

[00174]   In general, bunker C oil is composed of hydrocarbon compounds with 
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carbon number of above 13, easily generates contaminants during combustion, and 

particularly includes a lot of environmental pollutants including sulfur. 

[00175]   According to the second embodiment of the present invention, a sodium 

hydroxide aqueous solution or an ammonia aqueous solution may be used to react 

with CO2 and SO2, which are contaminants included in exhaust gas emitted from a 5 

vessel, to produce and collect mineral salt.  Also, a mixture of the solutions may be 

used. 

[00176]   Also, the reaction solution may be produced by using pure water or 

seawater.  That is, sodium hydroxide (NaOH) or ammonia (NH3) is dissolved in pure 

water or seawater to produce the reaction solution which absorbs CO2 and SO2. 10 

[00177]   According to the present invention, 0.1 to 20 weight % of sodium 

hydroxide may be included in a sodium hydroxide aqueous solution used as the 

reaction solution and 0.1 to 25 weight % of ammonia may be included in an 

ammonia aqueous solution.  That is, a sodium hydroxide aqueous solution having 

the concentration of below 0.1 weight % has low absorption reaction velocity and 15 

saturated absorption amount and thereby, has low capability of collecting CO2 and 

SO2.  Also, a sodium hydroxide aqueous solution having the concentration of above 

20 weight % may corrode the apparatus 1000 for purifying exhaust gas of a vessel.  

In addition, an ammonia aqueous solution having the concentration of below 0.1 

weight % has significantly low saturated absorption amount for CO2 and SO2 and an 20 

ammonia aqueous solution having the concentration of above 25 weight % has low 

solubility to water at an operating temperature of the apparatus 1000 for purifying 
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exhaust gas of a vessel.  Accordingly, dissolved ammonia may be changed into gas 

and emitted. 

[00178]   In particular, according to the second embodiment of the present invention, 

an auxiliary reaction solution such as a lithium hydroxide aqueous solution, a 

potassium hydroxide aqueous solution, a calcium hydroxide aqueous solution, or a 5 

magnesium hydroxide aqueous solution may be further included to improve 

collection efficiency of CO2 and SO2 included in exhaust gas emitted from a vessel.  

That is, the auxiliary reaction solution has lower absorption reaction velocity for CO2 

and SO2 compared with that of a sodium hydroxide aqueous solution or an ammonia 

aqueous solution and thereby, prevents rapid absorption reaction for CO2 and SO2 of 10 

the reaction solution.  Accordingly, a side reaction may be prevented.  Also, 

although the reaction solution reaches the saturated concentration and absorption 

reaction for CO2 and SO2 is completed, the auxiliary reaction solution may 

continuously absorb CO2 and SO2 and thereby, the saturated concentration for CO2 

and SO2 may be generally increased. 15 

[00179]   According to the second embodiment of the present invention, a method of 

purifying exhaust gas of a vessel to collect CO2 and SO2 included in exhaust gas 

emitted from a vessel by using a sodium hydroxide (NaOH) aqueous solution or an 

ammonia aqueous solution (NH4OH), which is the reaction solution, includes i) 

reacting carbon dioxide included in exhaust gas emitted from a vessel with water to 20 

produce carbonic acid (H2CO3) in step a (operation S100); ii) reacting sulfur dioxide 

included in exhaust gas with water to produce sulfurous acid (H2SO3) and sulfuric 
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acid (H2SO4) in step b (operation S200); iii) reacting carbonic acid (H2CO3) produced 

in step a (operation S100) with sulfurous acid (H2SO3), sulfuric acid (H2SO4) 

produced in step b (operation S200), and a reaction solution to produce a reaction 

solution including mineral salt in step c (operation S300); iv) reacting the reaction 

solution including mineral salt produced in step c (operation S300) with bivalent 5 

metal oxide or bivalent metal hydroxide to produce carbonate and sulphate and to 

recycle a reaction solution at the same time in step d (operation S500); and v) 

separating carbonate and sulphate included in the recycled reaction solution by 

using the solid-liquid separator 1500 in step e (operation S600). 

[00180]   Such steps are described in more detail as follows. 10 

[00181]   <Step a (S100)> 

[00182]   Step a to collect CO2 and SO2 included in exhaust gas emitted from a 

vessel according to the second embodiment of the present invention is to produce 

carbonic acid (H2CO3) by reacting CO2 with water. 

[00183]   In step a, CO2 included in exhaust gas reacts with water to produce 15 

carbonic acid (H2CO3) as in Chemical Formula 13 below.  Here, water reacted with 

CO2 may be included in a reaction solution that is sprayed to the wet scrubber 1100. 

[00184]   (Chemical Formula 13)  CO2 + H2O → H2CO3 

[00185]   <Step b (S200)> 

[00186]   Step b is to produce sulfurous acid (H2SO3) and sulfuric acid (H2SO4) by 20 

reacting SO2 included in exhaust gas of a vessel with water.  That is, when SO2 

reacts with water while oxygen exists, a reaction occurs to produce sulfuric acid as in 
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Chemical Formula 14.  When oxygen does not exist, SO2 reacts with water to 

produce sulfurous acid as in Chemical Formula 15. 

[00187]   Here, water reacted with SO2 may be included in a reaction solution that is 

sprayed to the wet scrubber 1100 as in the same manner as in step a above. 

[00188]   (Chemical Formula 14)  2SO2 + O2 + 2H2O → 2H2SO4  5 

[00189]   (Chemical Formula 15)  SO2 + H2O → H2SO3 

[00190]   <Step c (S300)> 

[00191]   Step C is to produce mineral salt by reacting carbonic acid (H2CO3) 

produced in step a (operation S100) with sulfurous acid (H2SO3), sulfuric acid 

(H2SO4) produced in step b (operation S200), and a reaction solution in the wet 10 

scrubber 1100. 

[00192]   A reaction of carbonic acid produced in step a with a sodium hydroxide 

aqueous solution or an ammonia aqueous solution is as below. 

[00193]   Carbonic acid produced as in Chemical Formula 13 then reacts with a 

sodium hydroxide aqueous solution to produce sodium bicarbonate (NaHCO3) or 15 

sodium carbonate (Na2CO3), which is mineral salt, and water as in Chemical 

Formula 16 and Chemical Formula 17. 

[00194]   Chemical Formula 16  NaOH + H2CO3 → NaHCO3 + H2O 

[00195]   Chemical Formula 17  2NaOH + H2CO3 → Na2CO3 + 2H2O  

[00196]   Also, carbonic acid produced as in Chemical Formula 13 reacts with 20 

ammonia aqueous solution (NH4OH) to produce ammonium hydrogen carbonate 

(NH4HCO3) or ammonium carbonate ((NH4)2CO3), which is mineral salt, and water 
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as in Chemical Formula 18 and Chemical Formula 19. 

[00197]   (Chemical Formula 18)  NH4OH + H2CO3 → NH4HCO3 + H2O 

[00198]   (Chemical Formula 19)  2NH4OH + H2CO3 → (NH4)2CO3 + 2H2O  

[00199]   In addition, sulfurous acid and sulfuric acid produced as in Chemical 

Formula 14 and Chemical Formula 15 reacts with sodium hydroxide (NaOH) 5 

aqueous solution, which is a reaction solution, as in Chemical Formula 20 through 

Chemical Formula 23 below. 

[00200]   Sulfurous acid produced by reacting SO2 with water as in Chemical 

Formula 15 reacts with sodium hydroxide to produce sodium bisulfite (NaHSO3), 

which is mineral salt, and water as in Chemical Formula 20 or reacts with sodium 10 

hydroxide to produce sodium sulfite (Na2SO3), which is mineral salt, and water as in 

Chemical Formula 21. 

[00201]   Moreover, sulfuric acid produced as in Chemical Formula 14 reacts with 

sodium hydroxide to produce sodium hydrogen sulfate (NaHSO4), which is mineral 

salt, and water as in Chemical Formula 22 or reacts with sodium hydroxide to 15 

produce sodium sulfate (Na2SO4), which is mineral salt, and water as in Chemical 

Formula 23. 

[00202]   (Chemical Formula 20)  NaOH + H2SO3 → NaHSO3 + H2O 

[00203]   (Chemical Formula 21)  2NaOH + H2SO3 → Na2SO3 + 2H2O   

[00204]   (Chemical Formula 22)  NaOH + H2SO4 → NaHSO4 + H2O 20 

[00205]   (Chemical Formula 23)  2NaOH + H2SO4 → Na2SO4 + 2H2O   

[00206]   In a reaction of an ammonia aqueous solution with sulfurous acid or 
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sulfuric acid as in step c, sulfurous acid or sulfuric acid reacts with an ammonia 

aqueous solution to produce ammonium hydrogen sulfite (NH4HSO3), ammonium 

sulfite ((NH4)2SO3), ammonium bisulfate (NH4HSO4), or ammonium sulfate 

(NH4)2SO4), which is mineral salt, and water as in Chemical Formula 24 through  

Chemical Formula 27. 5 

[00207]   (Chemical Formula 24)  NH4OH + H2SO3 → NH4HSO3 + H2O  

[00208]   (Chemical Formula 25)  2NH4OH + H2SO3 → (NH4)2SO3 + 2H2O  

[00209]   (Chemical Formula 26)  NH4OH + H2SO4 → NH4HSO4 + H2O 

[00210]   (Chemical Formula 27)  2NH4OH + H2SO4 → (NH4)2SO4 + 2H2O  

[00211]   <Step d (S400)> 10 

[00212]   Step d according to the second embodiment of the present invention is to 

produce sludge including carbonate and sulphate and to recycle a reaction solution 

at the same time by reacting a reaction solution including mineral salt produced in 

step c (operation S300) with bivalent metal oxide or bivalent metal hydroxide. 

[00213]   Here, according to the second embodiment of the present invention, 15 

bivalent metal oxide which reacts with mineral salt, recycle a reaction solution, and 

forms sludge may be calcium oxide (CaO) or magnesium oxide (MgO) and bivalent 

metal hydroxide may be calcium hydroxide (Ca(OH)2) or magnesium hydroxide 

(Mg(OH)2). 

[00214]   Here, bivalent metal oxide or bivalent metal hydroxide may be supplied in 20 

the form of powder, an aqueous solution, or sludge and may react with mineral salt. 

[00215]   According to the present invention, the twelfth tank 1300 may include the 
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impeller 1350 operated by a motor as illustrated in FIG. 6 in order to easily mix the 

mineral salt produced as above with bivalent metal oxide or bivalent metal hydroxide. 

[00216]   In the twelfth tank 1300, sludge including carbonate and sulphate 

produced while recycling a reaction solution is formed. 

[00217]   A reaction of forming sludge including carbonate and sulphate produced 5 

while recycling a reaction solution in step d is as follows. 

[00218]   1. Reaction of mineral salt produced by reacting a sodium hydroxide 

aqueous solution with CO2 with calcium oxide which is bivalent metal oxide 

[00219]   First, a method of recycling sodium hydroxide through a reaction of 

mineral salt produced by reacting a sodium hydroxide aqueous solution with CO2 10 

with calcium oxide which is bivalent metal oxide is as in Chemical Formula 28 

through Chemical Formula 29 below. 

[00220]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 

exhaust gas with water reacts with a sodium hydroxide aqueous solution to produce 

sodium bicarbonate (NaHCO3) or sodium carbonate (Na2CO3), which is mineral salt, 15 

as in Chemical Formula 16 through Chemical Formula 17 above. 

[00221]   (Chemical Formula 28)  NaHCO3 + CaO → NaOH + CaCO3 

[00222]   (Chemical Formula 29)  Na2CO3 + CaO + H2O → 2NaOH + CaCO3 

[00223]   Sodium bicarbonate (NaHCO3) or sodium carbonate (Na2CO3), which is 

mineral salt produced as above, reacts with calcium oxide to recycle sodium 20 

hydroxide and to produce CaCO3 which is carbonate as in Chemical Formula 28 

through Chemical Formula 29 above. 
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[00224]   Also, a reaction in which NH4OH is recycled through a reaction of mineral 

salt produced by reacting an ammonia aqueous solution with CO2 with calcium oxide 

which is bivalent metal oxide is as in Chemical Formula 30 through Chemical 

Formula 31 below. 

[00225]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 5 

exhaust gas with water reacts with an ammonia aqueous solution to produce 

NH4HCO3 and (NH4)2CO3, which are mineral salt, as in Chemical Formula 18 

through Chemical Formula 19 above. 

[00226]   (Chemical Formula 30)  NH4HCO3 + CaO → NH4OH + CaCO3 

[00227]   (Chemical Formula 31)  (NH4)2CO3 + CaO + H2O → 2NH4OH + CaCO3 10 

[00228]   NH4HCO3 and (NH4)2CO3, which are mineral salt produced as above, 

react with calcium oxide to recycle an ammonia aqueous solution and to produce 

CaCO3 which is carbonate as in Chemical Formula 30 through Chemical Formula 31. 

[00229]   2. Reaction of mineral salt produced by reacting a sodium hydroxide 

aqueous solution with SO2 with calcium oxide which is bivalent metal oxide 15 

[00230]   A reaction in which sodium hydroxide is recycled through a reaction of 

mineral salt produced by reacting a sodium hydroxide aqueous solution with SO2 

with calcium oxide which is bivalent metal oxide is as in Chemical Formula 32 

through Chemical Formula 35 below. 

[00231]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 20 

in exhaust gas with water react with a sodium hydroxide aqueous solution to produce 

NaHSO3, Na2SO3, NaHSO4, or Na2SO4, which is mineral salt, as in Chemical 



49 
 

Formula 20 through Chemical Formula 23 above. 

[00232]   NaHSO3, Na2SO3, NaHSO4, or Na2SO4, which is mineral salt produced as 

above, reacts with calcium oxide to recycle sodium hydroxide and to produce CaSO3 

or CaSO4 which is sulphate as in Chemical Formula 32 through Chemical Formula 

35 below. 5 

[00233]   (Chemical Formula 32)  NaHSO3 + CaO → NaOH + CaSO3 

[00234]   (Chemical Formula 33)  Na2SO3 + CaO + H2O → 2NaOH + CaSO3 

[00235]   (Chemical Formula 34)  NaHSO4 + CaO → NaOH + CaSO4 

[00236]   (Chemical Formula 35)  Na2SO4 + CaO + H2O → 2NaOH + CaSO4 

[00237]   A method of recycling the ammonia aqueous solution through a reaction of 10 

mineral salt produced by reacting an ammonia aqueous solution, which is a reaction 

solution, with SO2 with calcium oxide which is bivalent metal oxide is as in Chemical 

Formula 36 through Chemical Formula 39 below. 

[00238]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 

in exhaust gas with water react with an ammonia aqueous solution to produce 15 

NH4HSO3, (NH4)2SO3, NH4HSO4, or (NH4)2SO4, which is mineral salt, as in Chemical 

Formula 24 through Chemical Formula 27 above. 

[00239]   (Chemical Formula 36)  NH4HSO3 + CaO → NH4OH + CaSO3 

[00240]   (Chemical Formula 37)  (NH4)2SO3 + CaO + H2O → 2NH4OH + CaSO3 

[00241]   (Chemical Formula 38)  NH4HSO4 + CaO → NH4OH + CaSO4 20 

[00242]   (Chemical Formula 39)  (NH4)2SO4 + CaO + H2O → 2NH4OH + CaSO4 

[00243]   NH4HSO3, (NH4)2SO3, NH4HSO4, or (NH4)2SO4, which is mineral salt 
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produced as above, reacts with calcium oxide to recycle an ammonia aqueous 

solution and to produce CaSO3 or CaSO4 which is sulphate as in Chemical Formula 

36 through Chemical Formula 39 above. 

[00244]   3. Reaction of mineral salt produced by reacting a sodium hydroxide 

aqueous solution with CO2 with magnesium oxide which is bivalent metal oxide 5 

[00245]   According to the second embodiment of the present invention, a reaction 

in which sodium hydroxide is recycled through a reaction of mineral salt produced by 

reacting a sodium hydroxide aqueous solution with CO2 with magnesium oxide which 

is bivalent metal oxide is as in Chemical Formula 40 through Chemical Formula 41 

below. 10 

[00246]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 

exhaust gas with water react with a sodium hydroxide aqueous solution to produce 

sodium bicarbonate (NaHCO3) and sodium carbonate (Na2CO3), which are mineral 

salt, as in Chemical Formula 16 through Chemical Formula 17 above. 

[00247]   (Chemical Formula 40)  NaHCO3 + MgO → NaOH + MgCO3 15 

[00248]   (Chemical Formula 41)  Na2CO3 + MgO + H2O → 2NaOH + MgCO3 

[00249]   Sodium bicarbonate (NaHCO3) and sodium carbonate (Na2CO3), which 

are mineral salt produced as above, react with magnesium oxide to recycle sodium 

hydroxide and to produce MgCO3 which is carbonate as in Chemical Formula 40 

through Chemical Formula 41 above.  Here, water may be needed as in Chemical 20 

Formula 41. 

[00250]   Also, a reaction in which an ammonia aqueous solution is recycled through 
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a reaction of mineral salt produced by reacting an ammonia aqueous solution with 

CO2 with magnesium oxide which is bivalent metal oxide is as in Chemical Formula 

42 through Chemical Formula 43 below. 

[00251]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 

exhaust gas with water reacts with an ammonia aqueous solution to produce 5 

NH4HCO3 and (NH4)2CO3, which are mineral salt, as in Chemical Formula 18 

through Chemical Formula 19 above. 

[00252]   (Chemical Formula 42)  NH4HCO3 + MgO → NH4OH + MgCO3 

[00253]   (Chemical Formula 43)  (NH4)2CO3 + MgO + H2O → 2NH4OH + MgCO3 

[00254]   NH4HCO3 and (NH4)2CO3, which are mineral salt, react with magnesium 10 

oxide to recycle an ammonia aqueous solution and to produce MgCO3 which is 

carbonate as in Chemical Formula 42 through Chemical Formula 43.  Here, water 

may be needed as in Chemical Formula 43. 

[00255]   4. Reaction of mineral salt produced by reacting a sodium hydroxide 

aqueous solution with SO2 with magnesium oxide which is bivalent metal oxide 15 

[00256]   A method of recycling NaOH through a reaction of mineral salt produced 

by reacting a sodium hydroxide aqueous solution, which is a reaction solution, with 

SO2 with magnesium oxide which is bivalent metal oxide is as in Chemical Formula 

44 through Chemical Formula 47 below. 

[00257]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 20 

in exhaust gas with water react with a sodium hydroxide aqueous solution to produce 

NaHSO3, Na2SO3, NaHSO4, and Na2SO4, which are mineral salt, as in Chemical 
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Formula 20 through Chemical Formula 23 above. 

[00258]   (Chemical Formula 44)  NaHSO3 + MgO → NaOH + MgSO3 

[00259]   (Chemical Formula 45)  Na2SO3 + MgO + H2O → 2NaOH + MgSO3 

[00260]   (Chemical Formula 46)  NaHSO4 + MgO → NaOH + MgSO4 

[00261]   (Chemical Formula 47)  Na2SO4 + MgO + H2O → 2NaOH + MgSO4 5 

[00262]   NaHSO3, Na2SO3, NaHSO4, and Na2SO4, which are mineral salt produced 

as above, react with magnesium oxide to recycle sodium hydroxide and to produce 

MgSO3 or MgSO4 which is sulphate as in Chemical Formula 44 through Chemical 

Formula 47 above. 

[00263]   Also, a method of recycling the ammonia aqueous solution through a 10 

reaction of mineral salt produced by reacting an ammonia aqueous solution with SO2 

with magnesium oxide which is bivalent metal oxide is as in Chemical Formula 48 

through Chemical Formula 51 below. 

[00264]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 

in exhaust gas with water react with an ammonia aqueous solution to produce 15 

NH4HSO3, (NH4)2SO3, NH4HSO4, or (NH4)2SO4, which is mineral salt, as in Chemical 

Formula 24 through Chemical Formula 27 above. 

[00265]   (Chemical Formula 48)  NH4HSO3 + MgO → NH4OH + MgSO3 

[00266]   (Chemical Formula 49)  (NH4)2SO3 + MgO + H2O → 2NH4OH + MgSO3 

[00267]   (Chemical Formula 50)  NH4HSO4 + MgO → NH4OH + MgSO4 20 

[00268]   (Chemical Formula 51)  (NH4)2SO4 + MgO + H2O → 2NH4OH + MgSO4 

[00269]   NH4HSO3, (NH4)2SO3, NH4HSO4, or (NH4)2SO4, which is mineral salt 
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produced as above, react with magnesium oxide to the recycle ammonia aqueous 

solution and to produce MgSO3 or MgSO4 which is sulphate as in Chemical Formula 

48 through Chemical Formula 51 above.  Here, water may be needed as in 

Chemical Formula 49 and Chemical Formula 51. 

[00270]   5. Reaction of mineral salt produced by reacting a sodium hydroxide 5 

aqueous solution with SO2 with calcium hydroxide which is bivalent metal hydroxide 

[00271]   A reaction in which sodium hydroxide is recycled through a reaction of 

mineral salt produced by reacting a sodium hydroxide aqueous solution with SO2 

with calcium hydroxide which is bivalent metal hydroxide is as in Chemical Formula 

52 through Chemical Formula 55 below. 10 

[00272]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 

in exhaust gas with water react with a sodium hydroxide aqueous solution to produce 

NaHSO3, Na2SO3, NaHSO4, or Na2SO4, which is mineral salt, as in Chemical 

Formula 20 through Chemical Formula 23 above. 

[00273]   (Chemical Formula 52)  NaHSO3 + Ca(OH)2 → NaOH + CaSO3 + H2O   15 

[00274]   (Chemical Formula 53)  Na2SO3 + Ca(OH)2→ 2NaOH + CaSO3  

[00275]   (Chemical Formula 54)  NaHSO4 + Ca(OH)2→ NaOH + CaSO4 + H2O   

[00276]   (Chemical Formula 55)  Na2SO4 + Ca(OH)2→ 2NaOH + CaSO4   

[00277]   NaHSO3, Na2SO3, NaHSO4, or Na2SO4, which is mineral salt produced as 

above, react with calcium hydroxide to recycle sodium hydroxide and to produce 20 

CaSO3 or CaSO4, which is sulphate, and water as in Chemical Formula 52 through 

Chemical Formula 55 above. 
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[00278]   Also, a method of recycling NH4OH through a reaction of mineral salt 

produced by reacting an ammonia aqueous solution with SO2 with calcium hydroxide 

which is bivalent metal hydroxide is as in Chemical Formula 56 through Chemical 

Formula 59 above. 

[00279]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 5 

in exhaust gas with water react with an ammonia aqueous solution to produce 

NH4HSO3, (NH4)2SO3, (NH4)2SO4, or NH4HSO4, which is mineral salt, as in Chemical 

Formula 24 through Chemical Formula 27 above. 

[00280]   (Chemical Formula 56)  NH4HSO3 + Ca(OH)2 → NH4OH + CaSO3 + H2O 

[00281]   (Chemical Formula 57)  (NH4)2SO3 + Ca(OH)2 → 2NH4OH + CaSO3  10 

[00282]   (Chemical Formula 58)  NH4HSO4 + Ca(OH)2 → NH4OH + CaSO4 + H2O   

[00283]   (Chemical Formula 59)  (NH4)2SO4 + Ca(OH)2 → 2NH4OH + CaSO4   

[00284]   NH4HSO3, (NH4)2SO3, (NH4)2SO4, or NH4HSO4, which is mineral salt 

produced as above, reacts with calcium hydroxide to recycle the ammonia aqueous 

solution and to produce CaSO3 or CaSO4, which is sulphate, and water as in 15 

Chemical Formula 56 through Chemical Formula 59 above. 

[00285]   6. Reaction of mineral salt produced by reacting a sodium hydroxide 

aqueous solution with CO2 with calcium hydroxide which is bivalent metal hydroxide 

[00286]   A reaction in which sodium hydroxide is recycled through a reaction of 

mineral salt produced by reacting a sodium hydroxide aqueous solution with CO2 20 

with calcium hydroxide which is bivalent metal hydroxide is as in Chemical Formula 

60 through Chemical Formula 61 below. 
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[00287]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 

exhaust gas with water reacts with a sodium hydroxide aqueous solution to produce 

sodium bicarbonate (NaHCO3) or sodium carbonate (Na2CO3), which is mineral salt, 

as in Chemical Formula 16 through Chemical Formula 17 above. 

[00288]   (Chemical Formula 60)  NaHCO3 + Ca(OH)2 → NaOH + CaCO3 + H2O 5 

[00289]   (Chemical Formula 61)  Na2CO3 + Ca(OH)2→ 2NaOH + CaCO3 

[00290]   sodium bicarbonate (NaHCO3) or sodium carbonate (Na2CO3), which is 

mineral salt produced as above, reacts with calcium hydroxide to recycle sodium 

hydroxide and to produce CaCO3, which is carbonate, and water as in Chemical 

Formula 60 through Chemical Formula 61 above. 10 

[00291]   Also, a method of recycling the ammonia aqueous solution through a 

reaction of mineral salt produced by reacting an ammonia aqueous solution, which is 

a reaction solution, with CO2 with calcium hydroxide which is bivalent metal 

hydroxide is as in Chemical Formula 62 through Chemical Formula 63 below. 

[00292]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 15 

exhaust gas with water reacts with an ammonia aqueous solution to produce 

NH4HCO3 or (NH4)2CO3, which is mineral salt, as in Chemical Formula 18 through 

Chemical Formula 19 above. 

[00293]   (Chemical Formula 62)  NH4HCO3 + Ca(OH)2 → NH4OH + CaCO3 + H2O 

[00294]   (Chemical Formula 63)  (NH4)2CO3 + Ca(OH)2 → 2NH4OH + CaCO3  20 

[00295]   NH4HCO3 or (NH4)2CO3, which is mineral salt produced as above, reacts 

with calcium hydroxide to recycle the ammonia aqueous solution and to produce 
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CaCO3, which is carbonate, and water as in Chemical Formula 62 through Chemical 

Formula 63 above. 

[00296]   7. Reaction of mineral salt produced by reacting a sodium hydroxide 

aqueous solution with SO2 with magnesium hydroxide which is bivalent metal 

hydroxide 5 

[00297]    A reaction in which sodium hydroxide is recycled through a reaction of 

mineral salt produced by reacting a sodium hydroxide aqueous solution, which is a 

reaction solution, with sulfuric acid and sulfurous acid with magnesium hydroxide 

which is bivalent metal hydroxide is as in Chemical Formula 64 through Chemical 

Formula 67 below. 10 

[00298]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 

in exhaust gas with water react with a sodium hydroxide aqueous solution to produce 

NaHSO3, Na2SO3, NaHSO4, or Na2SO4, which is mineral salt, as in Chemical 

Formula 20 through Chemical Formula 23 above. 

[00299]   (Chemical Formula 64)  NaHSO3 + Mg(OH)2 → NaOH + MgSO3 + H2O 15 

[00300]   (Chemical Formula 65)  Na2SO3 + Mg(OH)2→ 2NaOH + MgSO3 

[00301]   (Chemical Formula 66)  NaHSO4 + Mg(OH)2→ NaOH + MgSO4 + H2O 

[00302]   (Chemical Formula 67)  Na2SO4 + Mg(OH)2→ 2NaOH + MgSO4 

[00303]   NaHSO3, Na2SO3, NaHSO4, or Na2SO4, which is mineral salt produced as 

above, reacts with magnesium hydroxide to recycle sodium hydroxide and to 20 

produce MgSO3 or MgSO4, which is sulphate, and water as in Chemical Formula 64 

through Chemical Formula 67 above. 
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[00304]   Also, a method of recycling NH4OH through a reaction of mineral salt 

produced by reacting an ammonia aqueous solution, which is a reaction solution, 

with SO2 with calcium hydroxide which is bivalent metal hydroxide is as in Chemical 

Formula 68 through Chemical Formula 71 below. 

[00305]   That is, sulfuric acid and sulfurous acid produced by reacting SO2 included 5 

in exhaust gas with water react with an ammonia aqueous solution to produce 

NH4HSO3, (NH4)2SO3, (NH4)2SO4, or NH4HSO4, which is mineral salt, as in Chemical 

Formula 24 through Chemical Formula 27 above. 

[00306]   (Chemical Formula 68)  NH4HSO3 + Mg(OH)2 → NH4OH + MgSO3 + H2O 

[00307]   (Chemical Formula 69)  (NH4)2SO3 + Mg(OH)2 → 2NH4OH + MgSO3  10 

[00308]   (Chemical Formula 70)  NH4HSO4 + Mg(OH)2 → 2NH4OH + MgSO4 + 

H2O 

[00309]   (Chemical Formula 71)  (NH4)2SO4 + Mg(OH)2 → 2NH4OH + MgSO4 

[00310]   NH4HSO3, (NH4)2SO3, (NH4)2SO4, or NH4HSO4, which is mineral salt 

produced as above, reacts with magnesium hydroxide to recycle the ammonia 15 

aqueous solution and to produce MgSO3 or MgSO4, which is sulphate, and water as 

in Chemical Formula 68 through Chemical Formula 71 above. 

[00311]   8. Reaction of mineral salt produced by reacting a sodium hydroxide 

aqueous solution with CO2 with magnesium hydroxide which is bivalent metal 

hydroxide 20 

[00312]   According to the second embodiment of the present invention, a reaction 

in which NaOH is recycled through a reaction of mineral salt produced by reacting a 
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sodium hydroxide aqueous solution, which is a reaction solution, with CO2 with 

magnesium hydroxide which is bivalent metal hydroxide is as in Chemical Formula 

72 through Chemical Formula 73 below. 

[00313]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 

exhaust gas with water reacts with a sodium hydroxide aqueous solution to produce 5 

sodium bicarbonate (NaHCO3) or sodium carbonate (Na2CO3), which is mineral salt, 

as in Chemical Formula 16 through Chemical Formula 17 above. 

[00314]   (Chemical Formula 72)  NaHCO3 + Mg(OH)2 → NaOH + MgCO3 + H2O 

[00315]   (Chemical Formula 73)  Na2CO3 + Mg(OH)2→ 2NaOH + MgCO3 

[00316]   NaHCO3 or Na2CO3, which is mineral salt produced as above, reacts with 10 

magnesium hydroxide to recycle sodium hydroxide and to produce MgCO3, which is 

carbonate, and water as in Chemical Formula 72 through Chemical Formula 73 

above. 

[00317]    In addition, a reaction in which an ammonia aqueous solution is recycled 

through a reaction of mineral salt produced by reacting an ammonia aqueous 15 

solution, which is a reaction solution, with CO2 with magnesium hydroxide which is 

bivalent metal hydroxide is as in Chemical Formula 74 through Chemical Formula 75 

below. 

[00318]   That is, carbonic acid (H2CO3) produced by reacting CO2 included in 

exhaust gas with water reacts with an ammonia aqueous solution to produce 20 

NH4HCO3 or (NH4)2CO3, which is mineral salt, as in Chemical Formula 18 through 

Chemical Formula 19 above. 
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[00319]   (Chemical Formula 74)  NH4HCO3 + Mg(OH)2 → NH4OH + MgCO3 + H2O 

[00320]   (Chemical Formula 75)  (NH4)2CO3 + Mg(OH)2 → 2NH4OH + MgCO3  

[00321]   NH4HCO3 or (NH4)2CO3, which is mineral salt produced as above, reacts 

with magnesium hydroxide to recycle an ammonia aqueous solution and to produce 

MgCO3, which is carbonate, and water as in Chemical Formula 74 through Chemical 5 

Formula 75 above. 

[00322]   As described above, bivalent metal oxide or bivalent metal hydroxide may 

be used to produce carbonate and sulphate and to recycle a sodium hydroxide 

aqueous solution or an ammonia aqueous solution. 

[00323]   <Step e (S500)> 10 

[00324]   Carbonate and sulphate produced through step d as described above are 

mixed with a recycled reaction solution so as to be existed in the form of sludge.  In 

order to reuse a recycled reaction solution in which carbonate and sulphate are 

mixed therewith, carbonate and sulphate may be separated through step e.  Here, 

separation of carbonate and sulphate may be executed by using the solid-liquid 15 

separator 1500. 

[00325]   Carbonate existing in a recycled reaction solution as above may be CaCO3, 

CaCO4, MgCO3, and MgCO4 and sulphate existing in a recycled reaction solution as 

above may be CaSO3, CaSO4, MgSO3, and MgSO4. 

[00326]   Carbonate and sulphate described above may be easily crystallized in a 20 

sodium hydroxide aqueous solution or an ammonia aqueous solution, which is a 

reaction solution.  In this regard, carbonate and sulphate which are crystallized into 
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a solid state may be easily separated through the solid-liquid separator 1500. 

[00327]   Mineral salt produced by reacting CO2 and SO2 with a reaction solution 

reacts with bivalent metal oxide or bivalent metal hydroxide to recycle the reaction 

solution and to produce carbonate and sulphate.  As such carbonate and sulphate 

are harmless substances, carbonate and sulphate may be solidified and stored in a 5 

vessel and may be easily treated when a vessel arrives at land. 

[00328]   According to the apparatus 1000 for purifying exhaust gas of a vessel in 

the second embodiment of the present invention, contaminants included in exhaust 

gas emitted from a vessel are collected and solidified and thereby, may be easily 

stored and transferred to land.  Also, self-recycling and self-reuse of a reaction 10 

solution used in the wet scrubber 1100 to absorb contaminants are available in a 

vessel so that consumption of the reaction solution may be reduced and thereby, a 

cost of purifying exhaust gas of a vessel may be significantly reduced.  In this 

regard, contaminants included in exhaust gas emitted from a vessel are absorbed so 

that regulations on discharge of exhaust gas by the IMO may be satisfied and 15 

release of substances which may affect the marine environmental pollution may be 

minimized. 

[00329]   Although representative embodiments of the present invention have been 

described in detail with reference to the accompanying experimental examples 

illustrated in the drawings, those of ordinary skill in the art to which the present 20 

invention pertains will understand that various modifications and other equivalent 

experimental examples are capable of being made to the above-described 
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embodiments.  Also, it will be understood by those of ordinary skill in the art that 

various changes in form and details may be made therein without departing from the 

spirit and scope of the present invention.  Therefore, embodiments described above 

are only exemplary embodiments and should not be limited thereto.  The scope of 

the present invention should be defined by technical ideas of the following claims.  5 
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CLAIMS 

1. An apparatus 100 for purifying exhaust gas of a vessel comprising: 

a wet scrubber 110 which reacts exhaust gas generated from an exhaust gas 

generator included in a vessel with a reaction solution to convert carbon dioxide 

included in exhaust gas into ammonium salt; 5 

an inlet 115 which makes inflow of exhaust gas into the inside of the wet 

scrubber 110 and an outlet 112 which discharges exhaust gas to the outside of the 

wet scrubber 110; 

a circulation tank 120 which produces a reaction solution reacted with exhaust 

gas and supplies the produced reaction solution to the wet scrubber 110, a transfer 10 

pump 123 which transfers ammonium salt produced by reacting carbon dioxide 

included in exhaust gas flowed through the inlet 115 with the reaction solution, a 

mixing tank 130 which includes an impeller 135 that produces slurry including 

carbonate and an ammonia solution by reacting ammonium salt transferred from the 

wet scrubber 110 with bivalent metal oxide or bivalent metal hydroxide, the sludge 15 

pump 131 which transfers sludge from the mixing tank 130 to a solid-liquid separator 

150, a solid-liquid separator 150 which separates precipitate such as carbonate and 

an ammonia solution from the sludge transferred from the mixing tank 130; 

 a first storage tank 151 which stores an ammonia solution separated from the 

solid-liquid separator 150; 20 

 a second storage tank 160 which stores precipitate such as carbonate 

separated from the solid-liquid separator 150; 
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 a third storage tank 140 which supplies bivalent metal oxide or bivalent metal 

hydroxide; and 

 a transfer pump 152 which transfers an ammonia solution stored in the first 

storage tank 151 to the circulation tank 120, if needed. 

 5 

 2. The apparatus 100 of claim 1, wherein bivalent metal oxide is calcium 

oxide or magnesium oxide and bivalent metal hydroxide is calcium hydroxide or 

magnesium hydroxide. 

 

 3. The apparatus 100 of claim 1, wherein bivalent metal oxide or bivalent 10 

metal hydroxide is supplied in the form of powder, an aqueous solution, or sludge. 

 

 4. A vessel comprising:  

 a hull; and 

 an apparatus 100 for purifying exhaust gas of a vessel of any one of claims 1 15 

through 3 equipped with the hull. 

 

 5. A method of purifying exhaust gas of a vessel comprising: 

 i) reacting carbon dioxide included in exhaust gas emitted from a vessel with 

water to produce carbonic acid (H2CO3) in step 1; 20 

 ii) reacting carbonic acid produced in step 1 with an ammonia solution to 

produce ammonium hydrogen carbonate (NH4HCO3) in step 2; 



64 
 

 iii) reacting ammonium hydrogen carbonate (NH4HCO3) produced in step 2 

with an ammonia solution to produce ammonium carbonate ((NH4)2CO3) in step 3; 

 iv) reacting ammonium hydrogen carbonate (NH4HCO3) and ammonium 

carbonate (NH4)2CO3 with bivalent metal oxide or bivalent metal hydroxide to 

produce carbonate and an ammonia solution in step 4; and 5 

 v) re-supplying the ammonia solution produced in step 4 to step 2 in step 5. 

 

 6. The method of claim 5, wherein an insufficient ammonia solution is 

generated through a reaction of an inorganic compound with calcium hydroxide and 

is filled. 10 

 

 7. The method of claim 6, wherein the inorganic compound comprises at 

least one selected from a group consisting of ammonium bicarbonate (NH4HCO3), 

ammonium carbonate ((NH4)2CO3), ammonium bisulfite (NH4HSO4), ammonium 

sulfate ((NH4)2SO4), ammonium nitrate(NH4NO3), ammonium chloride(NH4Cl), 15 

ammonium sulfamate (NH4SO3NH2), and ammonium sulfite ((NH4)2SO3). 

 

 8. The method of claim 6, wherein the amount of the inorganic compound 

needs to be put by 1.0 to 2.0 times at the molar ratio of insufficient ammonia 

solution. 20 

 

 9. A method of purifying exhaust gas of a vessel comprising: 
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 i) reacting carbon dioxide included in exhaust gas emitted from a vessel with 

water to produce carbonic acid (H2CO3) in step a (operation S100); 

 ii) reacting sulfur dioxide included in exhaust gas with water to produce 

sulfurous acid (H2SO3) and sulfuric acid (H2SO4) in step b (operation S200); 

 iii) reacting carbonic acid (H2CO3) produced in step a (operation S100) with 5 

sulfurous acid (H2SO3), sulfuric acid (H2SO4) produced in step b (operation S200), 

and a reaction solution to produce a reaction solution including mineral salt in step c 

(operation S300); 

 iv) reacting the reaction solution including mineral salt produced in step c 

(operation S300) with bivalent metal oxide or bivalent metal hydroxide to produce 10 

carbonate and sulphate and to recycle a reaction solution at the same time in step d 

(operation S500); and 

 v) separating carbonate and sulphate included in a recycled reaction solution 

by using a solid-liquid separator 1500 in step e (operation S600). 

 15 

 10. The method of claim 9, wherein the reaction solution is a sodium 

hydroxide aqueous solution, an ammonia aqueous solution, or a mixture thereof. 

 

 11. The method of claim 9, wherein the reaction solution further comprises 

at least any one of a lithium hydroxide aqueous solution, a potassium hydroxide 20 

aqueous solution, a calcium hydroxide aqueous solution, and a magnesium 

hydroxide aqueous solution as an auxiliary reaction solution. 
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 12. The method of claim 11, wherein the concentration of the lithium 

hydroxide aqueous solution and the potassium hydroxide aqueous solution is below 

15 weight% compared with the total reaction solution. 

 5 

 13. The method of claim 11, wherein the concentration of the calcium 

hydroxide aqueous solution and the magnesium hydroxide aqueous solution is below 

2 weight% compared with the total reaction solution. 

 

 14. The method of claim of claim 9, wherein the reaction solution is 10 

produced by using pure water or seawater. 

 

 15. The method of claim 9, wherein the bivalent metal oxide is calcium 

oxide or magnesium oxide. 

 15 

 16. The method of claim 9, wherein the bivalent metal hydroxide is calcium 

hydroxide or magnesium hydroxide. 

 

 17. The method of claim 9, wherein the bivalent metal oxide or bivalent 

metal hydroxide is supplied in the form of powder, an aqueous solution, or sludge. 20 

 


