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(57) ABSTRACT 

Arnethod for effectively absorbing and removing CO2 in an 
exhaust gas generated during an industrial process for reduc 
ing the amount of CO2 that is exhausted into the atmosphere. 
The exhaust gas containing CO2 is bloWn into an agglorn 
erate of solid particles containing CaO and/or Ca(OH)2 so 
that the CO2 is in contact With the agglornerate for ?xing the 
CO2 in the exhaust gas as CaCO3, thereby reducing the CO2 
concentration in the exhaust gas. Preferably, the solid par 
ticles contain Water, and more preferably, the solid particles 
contain surface adhesive Water. 
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METHOD FOR REDUCING EXHAUST CARBON 
DIOXIDE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of appli 
cation Ser. No. 09/844,533 ?led on Apr. 27, 2001, Which is 
a continuation application of International application No. 
PCT/JP99/05972(not published in English), ?led on 28 Oct. 
1999, the entire contents of Which are incorporated by 
reference herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method for 
reducing CO2 concentration in exhaust gas generated in an 
industrial process and others, and reducing the amount of 
exhausting CO2 in an atmospheric air. Further, the present 
invention relates to a Water immersion block for seaWeed 
and algae planting places, ?sh gathering rocky places or 
riverbeds, and a method for making the same. Herein, the 
above mentioned “seaWeed and algae planting places” des 
ignate groups or communities of marine algae (algae, sea 
Weed and the like) groWing in the sea bottom. 

BACKGROUND OF THE INVENTION 

[0003] Recently, from the vieWpoint of preventing World 
Warming, it has been demanded to reduce the amount of 
generated CO2 on a global scale. At the congress of the 
World Warming prevention Which took place at Kyoto in 
December 1997, a protocol for the reduction of the exhaust 
gas Was adopted. This protocol established a reduction target 
in 2010, aiming at reducing at least 5% of a standard With 
respect of 1990 of the exhaust amounts of greenhouse effect 
gases (CO2, CH4, N20 and others) of all advanced countries. 
In accordance With the protocol, Japan has been assigned a 
duty of loWering 6% of the amount of issuing exhaust gases. 

[0004] C02 accounts for 64% of the contribution degree 
per the greenhouse effect gas With respect to World Warming, 
and is mainly exhausted by using fossil fuel. In Japan, 95% 
of the greenhouse effect gas generated by social or economi 
cal activities is CO2, and more than 90% thereof is accom 
panied With use of energy. Accordingly, a measure for 
preventing the World from Warming Will be to chie?y control 
CO2 exhausted in conjunction With the use of energy. 

[0005] With respect to the control of exhausting CO2 
accompanied With the use of energy, for example, the iron 
and steel business World Which accounts for about 11% of 
the ?nal energy consumption of Japan, projects a self 
imposed behavior plan toWard 2010, and proclaims in this 
plan a 10% reduction, in comparison With 1990 of the energy 
consumption in the production process in 2010. Further, as 
an actual measure thereto other than energy reduction, 
included are the bloWing of Waste plastics as reducing agents 
into blast furnaces, usage of non-used energy in neighboring 
areas, or contribution to energy saving by making products 
or by-products. 

[0006] HoWever, in the present high degree industrialiZed 
society, there is per se a limit in the control of using energy 
Which is related to the cutting of the exhaust of CO2, and it 
is not alWays easy to accomplish a target of cutting CO2 
exhaust only With the control of the amount of energy used. 
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[0007] Accordingly for accomplishing the target of cutting 
CO2 exhaust, it is considered to be necessary to take such a 
measure from both sides of cutting the CO2 generated 
amount, as Well as removing CO2 from the generated gas 
(exhaust gas). HoWever, an effective method Which removes 
CO2 from the exhaust gas on an industrial scale is not yet 
conventionally knoWn. 

[0008] As a part of usefully using slag generated in the 
iron and steel making process, it has been tried to make use 
of the slag as a seaWater immersion block for algae planting 
places or ?sh gathering rocky places. 

[0009] As main embodiments of utiliZing slag as such 
materials, there is a method of utiliZing massive slag for 
algae planting places as it is, and another method of utiliZing 
slag as agglomerates for ?sh gathering rocky places. HoW 
ever these methods are involved With problems as discussed 
herein. 

[0010] In the former method, Ca content contained in slag 
is dissolved into the sea to probably heighten the pH in the 
neighboring seaWater. The obtained massive slag in the 
iron-steel making process is suited as a block for such as 
algae planting places due to surface properties in compari 
son With concrete products. HoWever, as a block for the 
algae planting places, the massive slag has functions (adher 
ing property of sea algae or rearing property) only of a 
similar degree to a natural block, and does not have a special 
function of accelerating the groWing of sea algae. 

[0011] The slag generated in the iron-steel making process 
contains much iron content such as metals (grain iron), and 
ordinarily it is broken to desired siZes for recovering the iron 
content in the slag for recycle in the iron-steel making 
process. Slag for algae planting places necessitates siZes of 
a certain degree, and slag broken for recovering the metal is 
scarcely used. If use is made of the massive slag as a block 
for algae planting places, the recovery of the metal useful as 
iron and steel sources can hardly be practiced. 

[0012] In contrast, if massive slag containing much metal 
is immersed into the sea as it is for use as a block in algae 
planting places, the iron content in the slag is oxidiZed, 
depending on sea areas, to cause a shortage of oxygen in the 
seaWater, and further by dissolution of the iron content; the 
iron content might be excessively supplied in the sea Water. 
For avoiding such problems, the metal in the slag should be 
perfectly removed. Since the slag content and the metal 
generally exist in a mixture as if entWined, the slag must be 
more ?nely pulveriZed than the case of the above mentioned 
metal recovery in order to completely remove the metal. 
Such ?nely pulveriZed slag cannot be used as materials to be 
immersed in the sea Water for the algae planting places. 

[0013] On the other hand, the latter method uses slag as an 
agglomerate of a concrete made pre-cast body, and so there 
seldom occurs a problem of the case that the massive slag is 
immersed in the sea as it is. HoWever materials available by 
this method are concrete products Whose surfaces are com 
posed of cement mortar, and Which therefore cannot exhibit 
even the properties of massive slag (for example, uneven 
surface property) Which are expected to display performance 
per se as for algae planting places. 

[0014] Recently, there has arisen a tendency toWards 
maintenance and improvement of natural circumstances of 
rivers including living circumstances of creatures such as 
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?shes or shells, and as a part of the tendency, for example, 
it has been tried to repair riverbeds to be suited to Water 
living creatures (?shes, shells, Water insects and others) or 
Water plants (algae, Water grass and others) to inhabit and 
live. In the rivers, creatures’ living and resting spaces called 
biotopes are created With blocks and, accordingly, much 
uneven riverbeds made by blocks are better for Water living 
creatures. Relatively large spaces among immersed or half 
immersed massive blocks on the riverbeds or small spaces 
among small blocks laid thereon are important living spaces 
(biotopes) for Water living creatures. Blocks on the riverbeds 
are also places for Water plants to live, and for rearing Water 
plants. Blocks are therefore important. 

[0015] For repairing riverbeds as a part of maintenance or 
improvement of the natural circumstances of rivers, the 
sinking or laying of blocks in appropriate forms (for 
eXample, placing of large massive blocks, sinking or laying 
of middle massive or small blocks on the riverbeds) may be 
a useful means for arranging the circumstances for ?sh to 
live or inhabit. For repairing riverbeds, enormous amount of 
blocks are required. It probably causes destruction of nature 
to supply natural blocks from other places, and since natural 
blocks are not cheap, the construction cost is increased. 

[0016] For usefully using slag generated in the iron and 
steel making process, it has been tried to utiliZe slag as sea 
Water immersion blocks for ?sh gathering rocky places. 
Concerning blocks for sinking in rivers, slag generated in the 
iron and steel-making process should be considered. 

[0017] As discussed hereinabove, With respect of main 
embodiments for utiliZing slag to be immersed in rivers, 
there is considered a method of using the slag as it is as an 
immersion block and another method of using the slag as 
concrete pre-cast agglomerates. 

[0018] HoWever these methods have problems as dis 
cussed hereinabove. 

[0019] In the former method, the Ca content in the slag is 
dissolved into the Water to probably heighten the pH in the 
river Water. Since the slag generated in the iron and steel 
making process contains much metal (grain iron), if massive 
slag is immersed in the Water as it is, grain iron is oXidiZed, 
and depending on Water ranges, a shortage in oXygen might 
occur in neighboring rivers. For avoiding such problems, the 
metal in the slag should be completely removed. Since the 
slag content and the metal generally eXist in a miXture as if 
entWined, the slag must be more ?nely pulveriZed than in the 
case of the above mentioned metal recovery in order to 
completely remove the metal. Such ?nely pulveriZed slag 
cannot be used as materials to be immersed in the sea Water 
for algae planting places. 

[0020] On the other hand, as in the latter method, if the 
slag is used as an agglomerate of a concrete made pre-cast 
body, since the base is made of concrete, the properties of 
the massive slag (for eXample, uneven surface property) 
Which are eXpected to display performance as an immersion 
block in the rivers cannot be displayed. The concrete has a 
high pH (ordinarily, about a pH of 12 to 12.5), so that it 
increases the pH in the neighboring river Water or delays 
groWth of algae. 

[0021] It has recently been recogniZed to prepare ?sh Ways 
for ?shes to move to upstream or doWnstream or to go up in 
dams or barrages, and repairs therefore have been carried 
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out. The ?sh Way is provided With a WaterWay (usually, 
having a Width of about 2 to 5 m) for forming ?oWs for ?sh 
to move in parts of the dam or barrage, and knoWn are slant 
paths or stepWise paths. Conventionally ordinary ?sh Ways 
are made by cutting parts of the dam or barrage in the Water 
path encircled With the concrete. 

[0022] Thus, the conventional ?sh Way has no obstacle for 
?sh to move as long as no problems eXist in Water ?oWing 
speed, Water bottom obliquity or steps. HoWever, since the 
concrete-made ?sh Way has a smooth bottom, it is difficult 
for Water living creatures such as algae to live, and there are 
problems for Water living plants (for eXample, crusts or 
Water living insects) relating to moving because of the 
catching With their claWs on the riverbed (surface projec 
tions as a block for Water living plants). For these problems, 
there is a method of structuring the ?sh Way With a foam 
concrete to make ?ne indentations on the bottom of the ?sh 
Way, hoWever the construction cost is high With less prac 
ticability. In either Way, the concrete has a high pH, Which 
is not preferable for Water living creatures moving on the 
riverbed. 

[0023] Algae planting places are for breeding sea living 
plants and creatures in coastal and sea areas, and are 
indispensable as living places for useful ?sh and shell?sh, 
rearing marine algae, laying eggs of ?sh and shell?sh, 
breeding fry and small ?sh, or baiting. In addition, recently, 
nitrogen or phosphorus in the seaWater are taken in by 
marine algae or other living creatures through the food cycle 
or chain in the algae planting places, otherWise suspension 
materials subside in the algae planting places. Thus, a Water 
purifying action has been noticed. 

[0024] HoWever, noWadays, the algae planting places con 
tinue to rapidly fade or decline by in?uences of reclaiming 
coasts or corruption of the seaWater. In particular, recently, 
in many coastal or sea areas, a big problem of so-called 
“shore burn” phenomena occurs. It has therefore been 
demanded to establish an algae place creation act for recov 
ering algae planting places. 

[0025] Algae creating methods conventionally carried out 
are roughly divided in the folloWing tWo Ways. 

[0026] (1) At places Where algae planting places are 
desired, bases for rearing marine algae (mainly, natural 
blocks or concrete blocks) are laid, and seeds and saplings 
of marine algae or mother algae are transplanted, and 
managed for rearing them as required. 

[0027] (2) Places environmentally easy to become algae 
living places, that is, such places suitable for creating the 
algae places in vieW of circumstances as Water depth, Water 
quality or ocean current, Which are Within reach of spores of 
marine algae from existing algae places, are selected, and 
the bases are laid there. Algae places are thus created Which 
are maintenance free (transplanting or rearing managing are 
not basically done). 

[0028] Of these methods, the method (1) is advantageous 
in Wide selecting ranges for creating the algae places, 
hoWever, basically all of the creations are arti?cial, and it is 
necessary to fully manage taking-roots or rearing of trans 
planted seeds and saplings, for Which a lot of time and 
tremendous cost are taken. This method is absolutely 
unsuited to large scale creations of algae places. 
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[0029] On the other hand, as the method (2) creates algae 
places Which are maintenance free, other than laying the 
bases, it is advantageous in that it takes less time and cost, 
in comparison With the method HoWever, this method is 
short With respect of general purpose uses because of limited 
places to become algae places. According to a certain report 
for creating an algae place by the method (2), at a proper 
period in a place Which does not naturally become an algae 
place, it is preferable to select a place Within 100 m from an 
existing algae place, taking into consideration the reach of 
spores or seeds from existing algae places. Accordingly, it is 
assumed that this method is dif?cult to create algae places at 
places Where circumferentially Whole algae places have 
been faded by shore burn. 

SUMMARY OF THE INVENTION 

[0030] It is a ?rst object of the invention to provide a 
method that effectively absorbs and removes CO2 in an 
exhaust gas generated in an industrial process for reducing 
an amount of exhausting CO2 into the atmospheric air. 

[0031] The inventors made detailed investigations on 
materials of absorbing CO2 and a method of using the same 
in order to ?nd a method Which effectively absorbs and 
removes CO2 in the exhaust gas on an industrial scale. As a 
result, they found that as the CO2 absorbing material, opti 
mum Was an agglomerate of solid particles containing CaO 
such as slag or concrete. The inventors also found that by 
bloWing exhaust gas containing CO2 in an agglomerate of 
the solid particles to be in contact With the exhaust gas, and 
especially preferably by bloWing the exhaust gas, under the 
condition that the gas dissolves into the suitable amount of 
Water content and the successive reaction (more preferably, 
surface adhesive Water of the solid particles) to contact With 
the exhaust gas, it Was possible to ?x CO2 in the exhaust gas 
as CaCO3 in the solid particles and effectively absorb and 
remove CO2. 

[0032] The present invention has been realiZed on the 
above-mentioned ?ndings and is described as folloWs. 

[0033] [1] A method for reducing an exhaust carbon 
dioxide comprising the steps of: 

[0034] preparing agglomerates of solid particles con 
taining at least one compound selected from the 
group consisting of CaO and Ca(OH)2; 

[0035] contacting an exhaust gas containing CO2 
With the agglomerates of the solid particles in a 
reaction chamber, the solid particles having a ?lm of 
adhesive Water on a surface of the solid particles; 

[0036] ?xing CO2 in the exhaust gas as CaCO3 to 
reduce CO2 in the exhaust gas. 

[0037] [2] The method according to [1], Wherein the 
agglomerates of the solid particles are obtained by pulver 
iZing materials containing CaO and/or Ca(OH)2 into grain 
and/or rough grain. 

[0038] [3] The method according to [1] or [2], Wherein the 
step of contacting the exhaust gas comprises contacting by 
bloWing the exhaust gas into the agglomerates of the solid 
particles. 

[0039] [4] The method according to [3], Wherein the 
exhaust gas containing CO2 is bloWn into the agglomerates 
of the solid particles from one direction. 
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[0040] [5] The method according to [1]-[4], Wherein the 
Water content in the agglomerates of the solid particles is 
from 3% to 20%. 

[0041] [6] The method according to [1]-[5], Wherein a 
grain siZe Of the solid particles is substantially 5 mm or less. 

[0042] [7] The method according to [1]-[6], Wherein the 
temperature of the exhaust gas to be introduced into the 
reaction chamber is at the boiling point of Water or loWer 
Within the reaction chamber. 

[0043] [8] The method according to [1]-[7], Wherein the 
temperature in the reaction chamber is at the boiling point of 
Water or loWer. 

[0044] [9] The method according to [1]-[8], Wherein the 
temperature of the agglomerates of the solid particles is the 
boiling point of Water or loWer Within the reaction chamber. 

[0045] [10] The method according to [1]-[9], Wherein the 
step of contacting the exhaust gas containing CO2 With the 
agglomerates of the solid particles comprises contacting a 
pressuriZed exhaust gas With the agglomerates of the solid 
particles. 

[0046] [11] The method according to [1]-[10], further 
comprising the step of saturating H2O in the exhaust gas, 
prior to contacting the exhaust gas With the agglomerates of 
the solid particles. 

[0047] [12] The method according to [1]-[11], Wherein the 
agglomerates of the solid particles are at least one selected 
from the group consisting of a slag generated in an iron-steel 
making process and a concrete. 

[0048] [13] The method according to [1]-[11], Wherein the 
solid particles of the agglomerates are at least one selected 
from the group consisting of a slag generated in an iron-steel 
making process and a concrete. 

[0049] [14] The method according to [1]-[11], Wherein the 
agglomerates of the solid particles are at least one selected 
from the group consisting of a slag generated in an iron-steel 
making process, a concrete, a mortar, a glass, an alumna 
cement, and a CaO containing refractory. 

[0050] In the invention, CaO and Ca(OH)2 contained in 
the solid particles are suf?cient With those contained as at 
least one part of the composition of the solid particles, and 
accordingly, concerning other than CaO and Ca(OH)2 as 
mineral, there are also included those existing in the solid 
particles as one part of the composition such as 2CaO.SiO2, 
3CaO.SiO2 or glass. 

[0051] It is a second object of the present invention to 
provide a Water immersion block. The immersion block is 
excellent for rearing algae and breeding ?sh and shell?sh 
Without heightening the pH in seaWater or river Water. The 
present invention also provides a method of making the 
same, and a further method of building an algae planting 
place using a Water immersion block. 

[0052] For accomplishing the above-mentioned object, the 
present invention provides a Water immersion block for 
immersion in Water made by a method comprising the steps 
of: 

[0053] preparing a mixture comprising grain like slag 
generated in an iron-steel making process; and 
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[0054] introducing carbonation to said mixture to 
generate a carbonized substance, and making the 
mixture massive With a binder of the generated 
carboniZed substance. 

[0055] Blocks made by this method for sinking in the 
Water may be used in seaWater or in the fresh Water of rivers. 

[0056] The grain like slag may be at least one selected 
from the group consisting of grain like slag, rough grain like 
slag and small massive slag, otherWise the slag may be grain 
like or rough grain like slag having been passed through a 
metal removing treatment. 

[0057] Further, the invention provides a method of making 
immersion blocks for immersion in Water comprising the 
steps of: 

[0058] preparing a mixture composed of grain like 
slag generated in the iron-steel making process; 

[0059] forming layers ?lled up With said mixture; and 

[0060] causing a carbonation reaction in the mixture 
in a packed bed by using carbon dioxide so as to 
make the mixture massive. 

[0061] The step of forming the packed bed may depend on 
forming mountains by piling the mixture. 

[0062] The invention provides a method of building algae 
planting places comprising the steps of: 

[0063] temporarily sinking Weighty materials on 
existing algae planting places, and planting to rear 
marine algae on the surface of the Weighty materials; 

[0064] recovering the Weighty materials and moving 
them as seeding materials to places for planting 
algae; and 

[0065] arranging other materials for planting marine 
algae around the seeding materials and increasing the 
marine algae on the seeding material onto other 
seeding materials. 

[0066] The above mentioned steps are only one example, 
and may not necessarily folloW the above method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0067] FIG. 1 is a schematic draWing assuming a mecha 
nism that CO2 in the exhaust gas is absorbed and ?xed on the 
surface of the solid particle containing CaO. 

[0068] FIG. 2 is a schematic draWing shoWing one 
embodiment of the inventive method using a ?uidized bed of 
the agglomerate of solid particles. 

[0069] FIG. 3 is a schematic draWing shoWing one 
embodiment of the inventive method using a rotary kiln. 

[0070] FIG. 4 is a schematic draWing shoWing one 
embodiment of the inventive method, Wherein CO2 contain 
ing gas is bloWn from one direction into the packed bed of 
the agglomerate of solid particles. 

[0071] FIG. 5 is a schematic draWing shoWing a method 
according to the present invention of making a seaWater 
immersion block. 

[0072] FIG. 6 is a schematic draWing shoWing an actual 
example of the method of FIG. 5. 
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[0073] FIG. 7 is a schematic draWing shoWing another 
method according to the present invention of making a 
seaWater immersion block. 

[0074] FIG. 8 is a schematic draWing shoWing an actual 
example of the method of FIG. 7. 

[0075] FIGS. 9A, 9B and 9C are schematic draWings 
shoWing structural examples Where river Water immersion 
blocks are laid or built on arti?cial structural parts or 

arti?cial riverbeds, such as a ?sh Way. 

[0076] FIG. 10 is a schematic draWing shoWing a method 
of making a river Water immersion block according to the 
present invention. 

[0077] FIG. 11 is a schematic draWing shoWing an actual 
example of a method of making a river Water immersion 
block according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0078] A ?rst embodiment for carrying out the present 
invention is as folloWs. Namely, the ?rst embodiment uses, 
as a CO2 absorbing material, the agglomerate of solid 
particles containing CaO and/or Ca(OH)2 such as slag or 
concrete, CO2 in the exhaust gas is absorbed and removed by 
means of contacting the CO2 containing exhaust gas With the 
agglomerate of solid particles for ?xing CO2 in the exhaust 
gas as CaCO3 in the solid particles by the folloWing reaction. 
In this embodiment, as a method for contacting the exhaust 
gas, it is preferable to bloW the exhaust gas into the 
agglomerate of solid particles, and more preferable to bloW 
the exhaust gas from one direction. The exhaust gas can be 
bloWn from an upper side, from a lateral side and from a 
loWer side. HoWever, bloWing from the loWer side is easier 
to handle this method. 

CaO (solid particles)+CO2 (exhaust gas )—>CaCO3 
(solid particles) 

[0079] Conventionally, the agglomerate of solid particles 
containing CaO as slag is hardened by a carbonation reac 
tion With CO2, and employs the hardened material for 
architectural or civil engineering. The present invention 
utiliZes the carbonation reaction betWeen CO2 and the 
agglomerate of CaO containing solid particles for reducing 
CO2 in the exhaust gas, Which is quite a novel concept in 
contrast to the prior art. The method of the present invention 
has been established especially for reducing carbon dioxide. 

[0080] In the ?rst embodiment, the agglomerates of the 
solid particles containing CaO are used. The agglomerates of 
the solid particles are contacted With the exhaust gas con 
taining CO2. CO2 in the exhaust gas is ?xed as CaCO3 With 
the solid particles. In the ?rst embodiment, it is preferable to 
contact the exhaust gas With the solid particles through an 
appropriate amount of the Water content contained in the 
solid particles. It is more preferable to contact the exhaust 
gas With the solid particles under the condition Where the 
Water is adhered to the surface of the solid particles (Water 
?lm). The above-mentioned contacting methods make it 
possible to effectively heighten the absorbing rate of CO2 in 
the exhaust gas by the solid particles. Therefore, in the ?rst 
embodiment, it is preferable that the main solid particle 
comprising the agglomerate of the solid particle contains 
Water, and it is more preferable to have surface adhesive 
Water. 
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[0081] In the above-mentioned preferable embodiment, 
especially in case that the solid particle contains surface 
adhesive Water, the reaction is as folloWs. That is to say, the 
reaction is betWeen CO2 in the exhaust gas and the solid 
particle. In other Words, the reaction is betWeen a Ca 
component (Ca ion) dissolving (diffusion) into the surface 
adhesive Water from the solid particle and carbon dioxide 
component dissolved into the Water content adhered on the 
surface out of the exhaust gas. It Was found that the reaction 
With CO2 in the surface adhesive Water of the solid particle 
Was especially effective for absorbing and ?xing CO2. 

[0082] At ?rst, the inventors considered that in a method 
of reacting CO2 in an exhaust gas With Ca in solid particles 
for ?xing CO2 as CaCO3 in the solid particles, CaCO3 Would 
be precipitated on the Whole surface of the solid particles as 
the reaction progressed, and as a result of preventing the 
diffusion of Ca ions from the solid particles, a C02 absorb 
ing ef?ciency of a high level to be practiced on an industrial 
scale could not be expected. HoWever, absolutely contrary to 
their expectations, it Was found that if the reaction With CO2 
Was carried out under the condition Where the Water content 
existed in the solid particles, in particular under the condi 
tion Where the Water Was adhered to the surface of the solid 
particles, CO2 could be absorbed at an extremely high 
ef?ciency. The reasons therefore are not clear, hoWever, the 
folloWing reasons may apply. 

[0083] FIG. 1 is a schematic vieW, Which assumes a 
mechanism of absorbing and ?xing CO2 in the exhaust gas 
in the surface of the solid particles. As seen in FIG. 1, under 
the condition Where adhesive Water exists on the surface of 
the solid particles containing CaO, Ca ions are dissolved 
from the solid particles into the surface adhesive Water, 
While CO2 (carbon ions) is dissolved from the exhaust gas 
into the surface adhesive Water, respectively. Both of Ca ions 
and carbon ions react in the surface adhesive Water. Fur 
thermore, CaCO3 is precipitated mainly in the surface of the 
solid particles. When precipitating, the precipitating nucleus 
of CaCO3 is not uniformly generated in Water, nucleus of 
CaCO3 is not uniformly generated in Water, hoWever, it is 
generated as a non-uniform nucleus Which is easily gener 
ated in the surface of the solid particles. Therefore, the 
precipitation of CaCO3 and groWth thereafter occurs merely 
in the speci?c area on the surface of the solid particles. 
Consequently, it is considered that there can exist, at a 
considerable proportion, a surface area of the solid particles 
Where neither precipitation nor groWth of CaCO3 takes 
place. Since it is possible to maintain the supply (dissolu 
tion) of Ca ions in the surface adhesive Water of the solid 
particles, CO2 can be effectively absorbed and ?xed in a 
short period. 

[0084] Further reference Will be made to the preferable 
embodiment of the invention. 

[0085] The present embodiment uses, as the CO2 absorb 
ing material, an agglomerate of solid particles containing 
CaO and/or Ca(OH)2 as the composition. Ca(OH)2 con 
tained in the solid particles also reacts With CO2 similarly to 
CaO. Since it can be ?xed as CaCO3, the solid particles may 
contain Ca(OH)2. As mentioned above, CaO and Ca(OH)2 
contained in the solid particles are suf?cient With such 
substances contained as a part of the composition of at least 
the solid particle, and therefore, substances other than CaO 
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and Ca(OH)2 as minerals are included Which exist in the 
solid particles as parts of the composition such as 2CaO 
.SiO2, 3CaO.SiO2 or glass. 

[0086] As such solid particles, in particular concrete con 
taining much CaO (and/or Ca(OH)2) or slag generated in the 
iron-steel making process are desirable. Reference Will be 
made in detail later therefore. 

[0087] Grain siZes of the solid particles are not especially 
limited, hoWever the grain siZes Which are as small as 
possible are preferable for securing to contact areas With the 
exhaust gas and increasing reactivity, speci?cally substan 
tially 5 mm or loWer (excepting solid particles of a large siZe 
inevitably included), in particular preferably 1 mm or less. 
Actually, it is preferable that grains of 5 mm or less occupy 
90% or more. 

[0088] As mentioned above, for securing the reactivity 
betWeen the solid particles and CO2 in the exhaust gas in the 
exempli?ed method, it is preferable that the main solid 
particles contacting the exhaust gas contain the appropriate 
amount of Water. It is more desirable that the main solid 
particles contacting the exhaust gas have the surface adhe 
sive Water thereof. Surface adhesive Water means the Water 
content existing together With the solid particles and the 
Water existing in the outer surface of the solid particles, 
except the Water content contained Within the grains. Pref 
erably, the percentage of Water content in the agglomerate of 
the solid particles is 3 to 20% from a similar vieWpoint. 
Thus, for maintaining the Water content of the solid particles 
and the agglomerate thereof, the Water content is, as needed, 
previously added to the agglomerate of the solid particles. 

[0089] The CO2 containing exhaust gas to be contacted 
With the agglomerate of solid particles heightens reactivity 
With the solid particles by increasing the temperature 
thereof, to some extent. HoWever, if the temperature of the 
exhaust gas to be introduced into the space (called as 
“reaction space” hereinafter) for contacting With the 
agglomerate of solid particles exceeds the boiling point of 
Water supported in the reaction space, it evaporates the 
surface adhesive Water of the solid particles, and hinders the 
reactivity. Therefore, it is preferable that the temperature of 
the exhaust gas is set to be at the boiling point of Water or 
loWer in the reaction space. Also for the same reason, 
preferably the temperature Within the reaction space is kept 
at the boiling point of Water or loWer and, in addition, the 
temperature of the agglomerate of solid particles is also kept 
at the boiling point of Water or loWer Within the reaction 
space. 

[0090] From a similar vieWpoint, it is preferable to have a 
higher concentration of steam in the exhaust gas, and so, it 
is desirable that H2O is saturated by an instrument by 
previously passing the exhaust gas in Water, and subse 
quently the exhaust gas is contacted With the agglomerate of 
solid particles. 

[0091] As the agglomerate of solid particles to be the CO2 
absorbing material, as far as being the agglomerate of solid 
particles containing CaO and/or Ca(OH)2, no limit is pro 
vided, hoWever in particular, in points that the containing 
rate of CaO (and/or Ca(OH)2) is high and a recycle of 
materials is available, slag generated in the iron-steel mak 
ing process, and concrete (for example, Waste concrete) are 
desirable. Accordingly, preferably, at least one part of the 
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solid particle comprising the agglomerate of solid particles 
is slag and/or concrete and, as is especially desirable, the 
main solid particles are slag and/or concrete. 

[0092] As the agglomerate of solid particles to be the CO2 
absorbing material, other than slag and concrete, there may 
be listed mortar, glass, alumina cement, CaO containing 
refractory, or MgO containing With refractory, and one kind 
or more of the agglomerate of solid particles may be singly 
mixed, otherWise mixed With slag and/or concrete. 

[0093] The agglomerate of solid particles has a better 
reactivity With CO2 if the Weight ratio (basicity) of CaO to 
SiO2 is high, and from this vieWpoint, it is preferable that 
CaO/SiO2 is 1.2 or higher and, desirably, 1.5 or higher. 

[0094] In general, the composition of CaO in the slag 
generated in the iron-steel making process is about 13 to 55 
Wt. %, and the composition of CaO in the concrete (e.g. 
Waste concrete) is about 5 to 15 Wt. % (the CaO composition 
in the cement: 50 to 60 Wt. %), and being easily available, 
they are Well-suited materials as the solid particles to be the 
CO2 absorbing material. 

[0095] As slag generated in the iron-steel making process, 
there may be enumerated slags from blast furnaces such as 
a sloW cooling slag or a Water granulated slag therefrom, 
Which means slags from the iron-steel making process such 
as dephosphoriZed slag, desulfuriZed slag, desiliconiZed 
slag, decarburiZed slag or casting slag generated in pre 
treatments, converter or casting slags from iron ore reduc 
tion; or slags from electric furnaces. HoWever, there is no 
limit to the types of slags. Slag mixtures of tWo kinds or 
more may be used. 

[0096] Slag generated in the iron-steel making process 
contains a considerable amount of iron (grain iron). If the 
agglomerate of solid particles of such slag is used as it is, 
since the CaO composition in the agglomerate of solid 
particles is loWered by the amount of the iron content, it is 
preferable to use slag having passed through a metal (iron) 
recovery treatment. The metal (iron) recovery treatment is 
generally carried out for recycling the iron content in slag to 
the iron-steel making process, and ordinarily slag is crushed 
for recovering the metal therein, and a considerable amount 
of the iron content is recovered and removed from slag by 
means such as a magnetic separation. 

[0097] As a concrete, for example, Waste concrete may be 
used Which are made by destroying buildings or from civil 
engineering projects. 
[0098] These materials are crushed into grain like or grain 
as needed and used as the agglomerate of solid particles. 

[0099] As mentioned above, in the agglomerate of solid 
particles to be the CO2 absorbing material, it is preferable 
that the basicity be high, for example, ane agglomerate of 
solid particles Where the basicity is less than 1.5 as the Water 
granulated slag, has a poor solubility of Ca ion, and is loW 
in the reactivity With CO2, and therefore it may not be said 
that the function as the CO2 absorbing material is fully 
exhibited. This is Why solid particles having a loW basicity 
have a small amount of calcium silicate to be carboniZed 
(e.g., 2CaO.SiO2 or 3CaO.SiO2), or have much glass as the 
Water granulated slag. 

[0100] Therefore, When utiliZing, as the CO2 absorbing 
material, an agglomerate of solid particles having a loW 
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basicity (ordinarily the basicity is less than 1.5), it is 
preferable to mix them With solid particles having a high 
basicity to be an alkaline stimulating agent for heightening 
the solubility of Ca ions from the solid particles having a loW 
basicity, preferably an agglomerate of solid particles having 
a basicity being 1.8 or higher, adding Water thereto (pref 
erably after an air Wetting cure (hydration cure)), and 
employing the thus obtained mixture as the CO2 absorbing 
material. The solid particles having a high basicity of 1.8 or 
higher, act as an alkaline stimulating agent to the solid 
particles of having a loW basicity under the existence of the 
Water content, and accelerate the hydration of solid particles 
having a loW basicity. 

[0101] For example, in the case of a solid particle having 
loWer contents of calcium silicate and CaO, the hydration of 
calcium silicate and CaO Within the solid particle is accel 
erated by the alkaline stimulating agent, and as a result, Ca 
ions are ready to be dissolved from the solid particle and, 
even if a solid particle is per se less in calcium silicate and 
CaO, the dissolution of Ca ions is heightened as a Whole. In 
addition, in the case of a solid particle having much glass, a 
silicate netWork forming the glass by ane alkaline stimulat 
ing agent is broken, and simultaneously the hydration 
thereof is accelerated, resulting in increasing the CaO con 
tent enabling carbonation. 

[0102] Further, it is useful for heightening the CO2 absorb 
ing efficiency to prepare a condition of easily carbonating 
CaO by advancing the hydration effected by an air Wetting 
cure (hydration cure) after the Water addition. Namely, since 
a certain period of time is needed for the dissolution of 
alkali, by only mixing only solid particles of a loW basicity 
and solid particles of a high basicity and by simply adding 
Water, it is insufficient to effectively heighten the solubility 
of Ca ions of the solid particles having a loW basicity. 
Therefore, desirably, after mixing the agglomerates of both 
solid particles, an air Wetting cure is performed for a 
requisite period of time. 
[0103] Such an air Wetting cure brings about, as men 
tioned later, introduction of cracks into the solid particles or 
a re?ning effect of the solid particles, and also as a result, the 
CO2 absorbing ability of the solid particles is increased. 
[0104] The air Wetting cure may be carried out by a simple 
method of, for example, mixing an agglomerate of solid 
particles having a high basicity and an agglomerate of solid 
particles having a loW basicity, kneading the mixture under 
the existence of an appropriate amount of Water content, and 
covering the mixture With a vinyl sheet. HoWever, for 
preventing carbonation of the solid particles during curing, 
it is preferably carried out under an atmosphere substantially 
not containing CO2, otherWise under an atmosphere sub 
stantially not supplied With CO2 during at least curing, and 
accordingly, for example, in a space (atmosphere) cutting off 
the atmosphere. CO2 contained in the atmospheric air exists 
at ?rst in such a space, hoWever more CO2 is not supplied. 

[0105] The time period for the air Wetting cure is not 
especially limited, hoWever, for obtaining desirable effects 
by the air Wetting cure, practicing an air Wetting cure for 
more than 12 hours, desirably 24 hours is preferable. 

[0106] After practicing the air Wetting cure, the mixture 
may be pulveriZed for use as the CO2 absorbing material. By 
the pulveriZing treatment, the contacting area With the 
exhaust gas containing CO2 is increased, and the reactivity 
With CO2 is heightened. 
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[0107] Further reference Will be made to an effective 
method for heightening the CO2 absorbing ability of the 
solid particles. 

[0108] The solid particles (for example, Waste concrete or 
slag generated in the iron-steel making process) to be used 
as the CO2 absorbing material is generally massive or grain, 
and since it takes a long time for reacting With CO2 until an 
interior of the solid particles, a CaO source at the interior of 
the solid particle trends to be less usefully used for absorp 
tion of CO2. For solving this problem, it is useful to subject 
the massive or grain solid particles to the air Wetting cure 
(hydration cure) so as to effect hydration expansion and, by 
this hydration expansion, cracks are introduced into the solid 
particle. OtherWise, breakage occurs from this crack into 
?ne grains and, as the surface area of the solid particle to be 
contacted With CO2 is increased, the absorbing effect of CO2 
by the CaO source is effectively improved. Further, it is 
possible to change a CaO containing substance in the solid 
particles to be a hydrated substance being ready for a 
carbonating reaction by the air Wetting cure and also, as a 
result, the absorbing effect of CO2 by the CaO source is 
increased. 

[0109] When the agglomerate of solid particles is hydra 
tion-expanded by the air Wetting cure, preferably the 
agglomerate of solid particles is laid in an atmosphere 
substantially not containing CO2, otherWise in an atmo 
sphere substantially not supplied With CO2 during at least 
curing, and the air Wetting cure is performed under the 
existence of the Water. For supplying a Water content to the 
agglomerate of solid particles, there is a method of adding 
Water or Warm Water to the agglomerate of solid particles 
before and/or after laying the agglomerate of solid particles 
in the space for the air Wetting cure, or a method of bloWing 
steam to the agglomerate of solid particles laid in the space 
for the air Wetting cure. 

[0110] The reason Why the air Wetting cure is carried out 
in an atmosphere substantially not containing CO2, other 
Wise in an atmosphere substantially not supplied With CO2 
during at least curing, is because the solid particles do not 
cause the carbonating reaction, preferably, for example, in a 
space (atmosphere) cutting off the atmosphere. CO2 con 
tained in the atmospheric air exists at ?rst in such a space, 
hoWever more CO2 is not supplied. 

[0111] When adding Warm Water to the agglomerate of 
solid particles, 60° C. or higher is desirable from the 
vieWpoint of effective curing. 

[0112] The agglomerate of solid particles having passed 
the air Wetting cure may serve as the CO2 absorbing mate 
rial. 

[0113] There is no special restriction in the actual means 
for contacting the exhaust gas With the agglomerate of solid 
particles, hoWever the folloWing may be exempli?ed as 
suitable treating systems in aspects of treating ef?ciency or 
ease of handling the agglomerate of solid particles. 

[0114] (1) A system of contacting the exhaust gas With an 
agglomerate of solid particles in a ?uidiZed bed using the 
exhaust gas as a ?uidiZing gas. 

[0115] (2) Another system of contacting the exhaust gas 
With an agglomerate of solid particles in a rotary kiln. 
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[0116] (3) A further system of forming a layer ?lled up 
With an agglomerate of solid particles, supplying the exhaust 
gas in the packed bed, thereby to contact the exhaust gas and 
the agglomerate of solid particles. 

[0117] FIG. 2 shoWs one practiced embodiment of the 
above (1) system, Wherein reference numeral 1 designates a 
processing container furnished With a gas dispersing plate 
100 at a loWer part and structured thereon With a space A for 
forming the ?uidiZed bed, 2 is a device for supplying an 
agglomerate of solid particles in the processing container 1, 
3 is a conduit for supplying the exhaust gas containing the 
CO2 into the processing container 1 (a Wind box 110 beloW 
the dispersing plate 100), 4 is a conduit for issuing the 
exhaust gas from the processing container 1, and 5 is a solid 
particle exhausting pipe for taking out an agglomerate of 
solid particles in the processing container 1 from time to 
time. 

[0118] According to this treating system, the agglomerate 
of solid particles such as slag or concrete is supplied from 
the supply device 2 into the space A of the processing 
container 1, While the exhaust gas supplied from the gas 
supply conduit 3 into the Wind box 110 is bloWn out into the 
space A from the gas dispersion plate 100, and the ?uidiZed 
bed of the agglomerate of solid particle is formed. In the 
?uidiZed bed, the solid particles and CO2 in the exhaust gas 
are reacted, and CO2 is ?xed as CaCO3 to the solid particles. 
The exhaust gas having ?nished this reaction is discharged 
from the processing container 1 through the gas discharging 
conduit 4, and the solid particles Within the processing 
container 1 is also discharged from the solid particle dis 
charging pipe 5 in response to the degree (CO2 absorbing 
ability) of absorbing CO2. 

[0119] Aplurality of processing containers are installed as 
shoWn With tWo-doted lines in FIG. 2 and, if the exhaust gas 
issuing conduits are connected in series to said plurality of 
chambers 1, 1a, 1b . . . , in other Words, if the exhaust gas 
is successively treated through the plurality of processing 
containers installed in series in such a manner that the 
exhaust gas from the processing container 1 is supplied to 
the chamber 1a, and the exhaust gas from the chamber 1a is 
sent to the chamber 1b, it is possible to effectively curtail 
CO2 in the exhaust gas. 

[0120] The form of the ?uidiZed bed for the treating 
system (1) is arbitrary and is not limited to that of FIG. 2. 

[0121] FIG. 3 shoWs one practiced embodiment of the 
above (2) system, Wherein reference numeral 6 designates a 
rotary kiln, 7 is a device for supplying the agglomerate of 
solid particles into the rotary kiln 6, 8 is a gas supply conduit 
for supplying the exhaust gas containing CO2 into the rotary 
kiln, 9 is a gas discharging conduit for issuing the exhaust 
gas from the rotary kiln 6, and 10 is a solid particle 
exhausting pipe for taking out the agglomerate of solid 
particles Within the rotary kiln. 

[0122] According to this treating system, the agglomerate 
of solid particles such as slag or concrete is supplied from 
the supply device 7 into a treating space of the rotary kiln 6, 
While the exhaust gas is supplied from the gas supply 
conduit 8, and the agglomerate of solid particles reacts With 
CO2 in the exhaust gas as being mixed in the rotary kiln 6, 
and CO2 is ?xed as CaCO3 to the solid particles. The exhaust 
gas having ?nished this reaction is discharged from the 
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rotary kiln 6 through the gas discharging conduit 9, and the 
solid particles having reached an exit of the rotary kiln 6 are 
also discharged from the solid particle discharging pipe 10. 

[0123] Also in this system, a plurality of rotary kilns are 
installed as shoWn With tWo-doted lines in FIG. 3, and if the 
exhaust gas issuing conduits are connected in series to said 
plurality of rotary kilns 6, 6a, 6b, in other Words, if the 
exhaust gas is successively treated through the plurality of 
rotary kilns installed in series in such a manner that the 
exhaust gas from the rotary kiln 6 is supplied to the rotary 
kiln 6a, and the exhaust gas from the rotary kiln 6a is sent 
to the rotary kiln 6b, it is possible to effectively curtail CO2 
in the exhaust gas. 

[0124] The form of the rotary kiln for the treating system 
(2) is arbitrary, and is not limited to that of FIG. 3. 

[0125] FIG. 4 shoWs one practiced embodiment of the 
above (3) system, Wherein reference numeral 11 designates 
a closed or a half closed type container for forming a layer 
?lled up by the agglomerate of solid particles, 12 is a gas 
supply conduit for bloWing the exhaust gas containing CO2 
into the container 11, and 13 is a gas discharging conduit for 
issuing the exhaust gas from the container 11. 

[0126] According to this treating system, the agglomerate 
of solid particles is charged into the container 11 to form a 
layer ?lled up thereby, to Which the exhaust gas is supplied 
from the gas supply conduit 12, and While the exhaust gas 
?oWs through the packed bed, CO2 in the exhaust gas reacts 
With the solid particles, and CO2 is ?xed as CaCO3 to the 
solid particles. The exhaust gas having ?nished this reaction 
is discharged from the container 11 through the gas dis 
charging conduit 13. In this system, since the agglomerate of 
solid particles in the container 11 is not ?uidiZed as the 
?uidiZed bed, ordinarily solid particles are massively com 
bined With one another by carbonating reaction. Therefore, 
after having processed for a certain period of time, the 
agglomerate of combined solid particles is taken out from 
the container 11, and subsequently the agglomerate of neW 
solid particles is charged into the container 11. 

[0127] Also in this system, a plurality of containers are 
installed as shoWn With tWo-doted lines in FIG. 4, and if the 
exhaust gas issuing conduits are connected in series to said 
plurality of containers 11, 11a, 11b . . . , in other Words, if 
the exhaust gas is successively treated through the plurality 
of containers installed in series in such a manner that the 
exhaust gas from the container 11 is supplied to the container 
11a, and the exhaust gas from the container 11a is sent to the 
container 11b, it is possible to effectively curtail CO2 in the 
exhaust gas. 

[0128] The form of the container for the treating system 
(3) is arbitrary, and is not limited to that of FIG. 4. 

[0129] In this treating system (3), if the ?lling rate of the 
agglomerate of solid particles in the packed bed is small, the 
exhaust gas becomes less to contact With the solid particles 
to affect in?uences With respect to the treating ef?ciency, and 
it is preferable that the ?lling rate of the agglomerate of solid 
particles is 40 to 90 vol. %, desirably 50 to 75 vol. %. 

[0130] The CO2 composition in the exhaust gas contacting 
With the agglomerate of solid particles also governs the 
treating efficiency, and if it is too loW, the treating ef?ciency 
is decreased. For ef?ciently removing CO2 in the exhaust 
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gas, the CO2 concentration should be more than 5% (pref 
erably 10% or higher). As the exhaust gases, there are listed 
exhaust gases from CaCO3, a calcination furnace, a hot blast 
furnace, a boiler, a coke oven, a sintering furnace, a slab 
heating furnace or an annealing furnace. 

[0131] In the characteristics of the method of this embodi 
ment, there is no problem that the exhaust gas of relatively 
loW CO2 concentration is to be treated by the method of this 
embodiment. 

[0132] For heightening the treating ef?ciency, it is prefer 
able that the exhaust gas to be supplied into the treating 
space is pressuriZed. The gas pressure is not especially 
limited, hoWever since the higher the partial pressure of 
CO2, the higher the dissolving speed of CO2 into the surface 
adhesive Water of solid particles, if CO2 is contacted With the 
agglomerate of solid particles under the condition that CO2 
is pressuriZed, the treating efficiency can be heightened in 
comparison With contacting at atmospheric pressure. 

[0133] The exhaust gas containing CO2 to be treated by 
the present embodiment includes gases containing CO2 
issued from various kinds of facilities or equipment, and 
these exhaust gases (exhaust gases containing CO2) are of 
course not limited. The exhaust gas containing CO2 to be 
treated by the present embodiment includes, for example, 
gas generated in the iron-steel making process and utiliZed 
as fuel gas, so-called secondary gas (for example, gases 
from a blast furnace, converter or coke oven), irrespective of 
Which is a combustion exhaust gas or a gas usable as fuel. 
Various kinds of exhaust gases generated from an iron 
making ?rm generally include CO2 of high concentration, 
and as mentioned above, since the amount of the ?nal energy 
consumption by all the iron and steel ?rms accounts for 
about 11% of the Whole of Japan, the method of this 
embodiment may be said to be very useful for the treatment 
of many kinds of exhaust gases particularly generated from 
the iron making ?rms (the iron-steel making process). 

[0134] As the secondary gas caused in the iron-steel 
making process such as a blast furnace, converter or coke 
oven has a high caloric value, it is used as a fuel gas. On the 
other hand, CO2 is relatively substantially included in these 
exhaust gases (secondary gases), and is exhausted into the 
atmospheric air by and by (after having been used as fuel), 
a caloric value as the fuel gas is loWered by an amount 
containing CO2, the amount of using the fuel gas is corre 
spondingly increased by the amount of loWering the caloric 
value, and as a result the amount of generating CO2 is 
increased. 

[0135] Accordingly, in the method of this embodiment, it 
is possible to make the fuel gas high in calories and cut the 
amount of generating CO2 in total together While decreasing 
the amount of the fuel gas used. 

[0136] Further reference Will be made to the preferable 
embodiment of the invention. 

[0137] [al] The method of reducing exhaust carbon diox 
ide, Wherein at least one part of said agglomerates of solid 
particles is a slag generated in an iron-steel making process, 
and/or concrete. 

[0138] [a2] The method of reducing exhaust carbon diox 
ide, Wherein the solid grain comprising the agglomerates of 
solid particles is a slag generated in iron-steel making 
processes, and/or concrete. 
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[0139] [b] The method of reducing exhaust carbon diox 
ide, wherein the agglomerates of solid particles comprise at 
least one selected from the group consisting of concrete, 
mortar, glass, alumina cement, CaO containing refractories, 
and a slag generated in the iron-steel making process. 

[0140] Other embodiments may be enumerated as folloWs. 

[0141] [c] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] (the method of [1] 
to [14] described in the “Summary of the Invention”), 
characteriZed in that the slag is a slag Which has passed a 
metal recovering treatment. 

[0142] [d] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] and [al] to [c], 
characteriZed in that Weight ratio of CaO/SiO2 of the 
agglomerates of solid particles to be contacted With the 
exhaust gas containing CO2 is 1.2 or higher. 

[0143] [e] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] and [al] to [d], 
characteriZed in that the exhaust gas containing CO2 and the 
agglomerates of solid particles are contacted Within a ?u 
idiZed bed, Wherein the exhaust gas serves as a gas for 
?uidiZing. 

[0144] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] and [al] to [d], 
characteriZed in that the exhaust gas and the agglomerates of 
solid particles are contacted Within a rotary kiln. 

[0145] [g] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] and [al] to [d], 
characteriZed by forming a packed bed Which is ?lled With 
the agglomerates of solid particles, and supplying the 
exhaust gas into said packed bed, thereby to contact the 
exhaust gas With the agglomerates of solid particles. 

[0146] [h] The method of reducing exhaust carbon dioxide 
as set forth in the above [g], characteriZed by bloWing the 
exhaust gas into said packed bed, thereby to contact the 
exhaust gas With the agglomerates of solid particles. 

[0147] The method of reducing exhaust carbon dioxide 
as set forth in the above [h], characteriZed by bloWing said 
exhaust gas into the agglomerates of solid particles from one 
direction, thereby to contact the exhaust gas With the 
agglomerates of solid particles. 

[0148] The method of reducing exhaust carbon dioxide 
as set forth in the above [g], characteriZed in that the packing 
ratio of the agglomerates of solid particles in the packed 
layer is 40 to 90 vol. %. 

[0149] [k] The method of reducing exhaust carbon dioxide 

as set forth in any of the above [1] to [14] and [al] to characteriZed in that the concentration of CO2 in the exhaust 

gas to be contacted With the agglomerates of solid particles 
is 5% or more. 

[0150] [l] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] and [al] to [k], 
characteriZed in that the agglomerates of solid particles 
Where the Weight ratio of CaO to SiO2 is less than 1.5 and 
the agglomerates of solid particles Where the Weight ratio of 
CaO to SiO2 is 1.8 or more, are mixed, and contacted With 
the exhaust gas containing CO2 under a condition Where the 
mixture is added With the Water content. 
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[0151] The method of reducing exhaust carbon diox 
ide as set forth in the above [1], characteriZed in that the 
agglomerates of solid grain of the Weight ratio of CaO to 
SiO2 being less than 1.5 are a Water granulated slag from a 
blast furnace. 

[0152] [n] The method of reducing exhaust carbon dioxide 
as set forth in the above [1] or [m], characteriZed in that the 
agglomerates of solid particles Where the Weight ratio of 
CaO to SiO2 is less than 1.5 and the agglomerates of solid 
particles Where the Weight ratio of CaO to SiO2 is 1.8 or 
more, are mixed, and performed With an air Wetting curing. 

[0153] [o] The method of reducing exhaust carbon dioxide 
as set forth in the above [n], characteriZed by operating a 
hydration curing for 12 hours or more. 

[0154] [p] The method of reducing exhaust carbon dioxide 
as set forth in the above [n] or [0], characterized in that the 
agglomerates of solid particles are performed With the air 
Wetting curing, and then crushed. 

[0155] [q] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] and [al] to [q], 
characteriZed in that the agglomerates of solid particles are 
performed With the air Wetting curing so that the solid 
particles are hydration-expanded, thereby to be ?nely 
crushed by cracking and/or breaking, and the agglomerates 
of solid particles after the air Wetting curing is contacted 
With the exhaust gas containing CO2. 

[0156] [r] The method of reducing exhaust carbon dioxide 
as set forth in the above [q], characteriZed by performing the 
air Wetting curing in an atmosphere substantially not con 
taining CO2 or an atmosphere being substantially not sup 
plied With CO2 during at least curing. 

[0157] [s] The method of reducing exhaust as set forth in 
the above [q] or [r], characteriZed by adding Water or Warm 
Water to the agglomerates of solid particles to be performed 
With the air Wetting curing. 

[0158] [t] The method of reducing exhaust carbon dioxide 
as set forth in the above [s], characteriZed in that the 
temperature of the Warm Water to be added to the agglom 
erates of solid particles is 60° C. or higher. 

[0159] [u] The method of reducing exhaust carbon dioxide 
as set forth in the above [q] or [s], characteriZed by bloWing 
steam into the agglomerates of solid particles to be per 
formed With air Wetting curing. 

[0160] [v] The method of reducing exhaust carbon dioxide 
as set forth in any of the above [1] to [14] and [al] to [u], 
characteriZed in that the exhaust gas containing CO2 is an 
exhaust gas generated in the iron-steel making process. 

[0161] [W] The method of reducing exhaust carbon diox 
ide as set forth in any of the above [1] to [14] and [al] to [u], 
characteriZed in that the exhaust gas containing CO2 is an 
exhaust gas to be used as fuel gas. 

[0162] The method of reducing exhaust carbon dioxide 
as set forth in the above [W], characteriZed in that the exhaust 
gas to be used as the fuel gas is a secondary gas (for 
example, one or tWo kinds of gases from the blast furnace, 
converter and coke oven) generated in the iron-steel process. 

[0163] Further reference Will be made to Examples relat 
ing to the above-mentioned embodiments. 












































