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ECONOMICAL SEQUESTRATION OF
CARBON DIOXIDE BY THE MIXED GAS

CROSS-RETERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2010-0053852, filed on
Jun. 8, 2010, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

The following disclosure relates to a method that effi-
ciently and economically [(ixes carbon dioxide by using waste
gypsum, particularly, Flue Gas Desulfurized (FGD) gypsum.

BACKGROUND

‘The emission of greenhouse gas being discharged in South
Korea is world top 10 based on 2005, and the emission
increase speed is currently No. 1 in the world together with
China. The global regulation according to emissions of green-
house gas is about to be tightened up in the future by coming
into effect of Kyoto Protocol imposing reduction obligations
of greenhouse gas, so the pan-governmental measures
responding this are necessary in our country, South Korea.
When we bear reduction obligations by about 10%, several
tens of millions tons of greenhouse gas emissions should be
reduced every year, and this means that domestic companies
should bear expenses of several trillion won every year.

The mineral carbonization is a method that can fix CO,
inside the crystal structure of minerals, and makes it a car-
bonate mineral form by combining natural minerals or indus-
trial by-products including Ca, Mg, Fe elements with CO.,,
and it is expressed as the following reaction scheme.

MO+CO,=MCOj;+heat

(M=Ca,Mg,Fe)

The mineral carbonization method has many advantages
such as needlessness of additional monitoring, etc. because it
doesn’t have a problem of a disposal site compared to under-
ground disposal, and its disposal is certain and stable. Espe-
cially, when compared to the underground disposal, the min-
eral carbonization method is very advantageous in a problem
onatime that CO, gas canbe disposed actually and stably, but
it is known as unfavorable in aspects of treatment volume and
treatment expenses. For underground disposal of carbon
dioxide, the technology first separating, recovering, liquefy-
ing and transporting and burying carbon dioxide underground
(oil field, etc.) is known.

On the other hand, gypsum as by-products is generated at
fertilizer production plants and coal-fired power plants, and at
present, it is being generated by 1.5 million tons every year at
coal-fired power plants. Gypsum as by-products is partially
reutilized in gypsum boards, etc. Theoretically, gypsumof 1.5
million tons/year can dispose separately recovered carbon
dioxide 0f 0.4 million tons/year. The chemical composition of
gypsum is CaSO,2H,0 as optimal raw materials of mineral
carbonization.

The method for fixing carbon dioxide by using waste gyp-
sum is disclosed in KR Patent Application No. 10-2009-
0063840. However, the efficiency of the above patent is low
because the fixed carbon dioxide is less than supplied carbon
dioxide. In addition, since there is an essential process that
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should previously collect and concentrate CO, gas being used
for fixation reaction, there is a shortcoming that it requires
high cost.

SUMMARY

A first embodiment of the present invention is directed to
providing a fixation method of carbon dioxide that remark-
ably enhances fixation efficiency of carbon dioxide by fixing
most supplied CO, gas in order to overcome the shortcoming
that the ratio of fixed carbon dioxide declines by 70-75% in
the conventional method for fixation of carbon dioxide, com-
pared to supplied carbon dioxide, when 99% pure CO, gas is
used. More particularly, provided is a fixation method of
carbon dioxide making more than 95% of supplied carbon
dioxide exist stably inside lattices of mineral by reacting
carbon dioxide with mineral.

A second embodiment of the present invention is directed
to providing a high-economic fixation method of carbon
dioxide that remarkably reduces treatment expenses by pro-
viding a method that can dispose carbon dioxide as a disposal
target without its separation, refinement and liquefaction pro-
cesses as well as by providing a method that can fix carbon
dioxide by reacting carbon dioxide and waste gypsum in mild
conditions in order to overcome a conventional problem that
has no economic feasibility due to consumption of huge
expenses and time for disposing carbon dioxide.

A third embodiment of the present invention is directed to
providing a fixation method of carbon dioxide that can also
save expenses consumed for moving liquefied carbon dioxide
to a disposal field by allowing the fixation process of carbon
dioxide to be applied to the field of a thermal power station.

In one general aspect, the fixation method of carbon diox-
ide includes:

a) grinding waste gypsum to become 100-300 mesh in an
operation S110; and

b) performing reaction by supplying mixed gas while mix-
ing the ground waste gypsum with aqueous ammonia in an
operation S130,

wherein the mixed gas is formed of nitrogen and carbon
dioxide, and the carbon dioxide provides a fixation method of
5-25 wt % carbon dioxide.

After the step b), the fixation method includes:

¢) separating solid from liquid in the manufactured slurry
by centrifugation and drying the separated solid and liquid
portions with calcite and ammonium sulfate in an operation
S150.

I'IG. 1 shows a carbon dioxide fixation method according
to an exemplary embodiment. The present invention is char-
acterized in that the exhaust gas of a power plant is directly
used through a simple process, which does not need a process
for separately collecting only carbon dioxide and separating
carbon dioxide, by using mixed gas consisting of nitrogen and
carbon dioxide. Accordingly, when carbon oxide is fixed
according to the present invention, the costs for collecting and
separating only carbon dioxide are saved, thereby bringing
about positive effects economically.

The present invention has effects that supplied carbon
dioxide is fixed by more than 95% because of remarkably
high reaction efficiency in the step b), when carbon dioxide is
fixed by using waste gypsum.

As aresult of performing many trials to overcome a limit
that the fixation ratio is low, compared to supplied carbon
dioxide, when only pure carbon dioxide is supplied while
simply mixing waste gypsum with aqueous ammonia, it is
confirmed that when the mixed gas of nitrogen and carbon
dioxide is used, the fixation efficiency is remarkably
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enhanced, compared to what pure carbon dioxide is supplied
and reacted in the step b). More particularly, the present
inventors discovered that the fixation effect of carbon dioxide
is dramatically enhanced by more than 95%, when the ratio of
carbon dioxide is 5-25 wt % in mixed gas.

The present invention is an invention to secure economic
efficiency by remarkably reducing costs in a process for mak-
ing carbonate minerals with very superior stability, i.e., cal-
cite by reacting disposed waste gypsum with carbon dioxide
which is a main cause of global warming. As mentioned
before, when the ratio of carbon dioxide is 5-25 wt %, the
fixation efficiency of carbon dioxide is enhanced by more
than 95%. Therefore, carbon dioxide and waste gypsum can
be converted into mineral and fixed by reaction of the two
kinds of waste in the field (in situ) of a thermal power plant
where carbon dioxide and waste gypsum are generated at the
same time. The more important thing is that it provides a
method that fixes and treats carbon dioxide in an economical
way by significantly reducing the fixation process since the
process that separates, refines, liquefies and transports carbon
dioxide is not required. More particularly, the waste gypsum
disposed after flue gas desulfurization in a coal-fired power
plant may be used. Also, any types of gypsum as well as the
waste gypsum may be used.

Hereatfter, the present invention will be described in detail.
The present invention provides a carbon dioxide fixation
method that the supplied flow rate of mixed gas is 10~30
L/min. in the step b).

More specifically, it is preferred that the supplied flow rate
of mixed gas is a velocity of 15 I/min, when mixed gas
containing 15 wt % carbon dioxide is used. Also, it is pre-
ferred that when mixed gas containing 25 wt % carbon diox-
ide is used, the mixed gas is supplied in a flow rate of 10
L/min. When the mixed gas containing 15 wt % carbon diox-
ide is used in the step b) and supplied in a flow rate of 15
L/min., the efficiency of the fixed carbon dioxide may be
more than 95%. The supplied flow rate of the mixed gas is an
important element largely determining reaction efficiency of
the step b) in the range. In case of the mixed gas containing 15
wt % carbon dioxide, it is clearly shown in FIG. 2B that the
efficiency may be largely enhanced by more than 95%.

As a result, when it is the mixed gas containing 15 wt %
carbon dioxide of, the ratio of total supply volume of CO, to
the amount of gypsum supplied to slurry is 0.246, which is
close to 0.256 as the maximum theoretical value, i.e., a mole
ratio. It proves that the efficiency of the mixed gas containing
15 wt % carbon dioxide is very high.

FIG. 2A is a graph showing reaction efficiency according
to the supply amount of gas by using 100% CO, gas, and F1G.
2B is a graph showing reaction efficiency according to the
supply amount of gas by using 15% CO, gas. Y-axis is a
temperature axis and X-axis shows reaction time. Also, the
supply amount of gas is indicated as liter/minute (L/min) as
supply amount per minute, and the efficiency in the respective
condition is indicated as percentage (%).

The carbon dioxide fixation mentioned in the present
invention is defined as carbonate mineralization or mineral
carbonization that is one of sequestration methods of carbon
dioxide that makes carbon dioxide exist stably inside lattices
of mineral by reacting carbon dioxide with mineral contain-
ing calcium or magnesium.
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In the present invention, when waste gypsum is ground to
become 200-300 mesh in the step a), its reactivity is good. The
waste gypsum ground in the range of 200-300 mesh is reacted
by supplying mixed gas, while agitating slurry obtained mix-
ing and agitating the waste gypsum with aqueous ammonia in
the step b). The reaction may be effectively generated by
agitating at 10~100° C., more preferably, 30~70° C. C. Atthis
time, it is preferred that aqueous ammonia contains 2-40 wt %
ammonia in the step b). The efficiency of carbonization reac-
tion may be enhanced by mixing the waste gypsum to be
contained by 60-100 parts by weight based on 100 parts by
weight of the aqueous ammonia.

In the step b), the total supply amount of the carbon dioxide
in mixed gas is dispersedly supplied according to reaction
time with 24-30 parts by weight based on 100 parts by weight
ol inputted waste gypsum.

The present invention relates to the carbon dioxide fixation
method including an operation S150 of drying the separated
solid and liquid after the solid and liquid are separated from
each other inthe step b). The solid might be more specifically
calcite, and the liquid may be ammonium sulfate solution. As
the ammonium sulfate is in an aqueous solution state, calcite
and ammonium sulfate in the aqueous solution state may be
separated by using a centrifuge or press filter, etc., but its
separation method is not limited thereto. Powder is obtained
through drying of the separated solid and liquid. Powder is
obtained by drying the calcite at 50~80° C., although it is
largely notlimited. It is preferred to get powder of ammonium
sulfate by freeze-drying of ammonium sulfate in the aqueous
solution state or evaporation-drying at 80~100° C. The calcite
powder and powder of the ammonium sulfate may be con-
firmed through instrumental analysis such as X-ray diffrac-
tion analysis.

The present invention has effects that supplied carbon
dioxide is fixed by more than 95% because of high reaction
efficiency in the above step b), when carbon dioxide is fixed
by using waste gypsum.

As the present invention uses mixed gas containing 5-25 wt
% carbon dioxide, the fixation efficiency of carbon dioxide is
enhanced by more than 95%. Therefore, carbon dioxide and
waste gypsum may be converted into mineral and fixed by
reaction of the two kinds of waste in the field (in situ) of a
thermal power plant where carbon dioxide and waste gypsum
are generated at the same time. More important thing is that it
provides a method that fixes and treats carbon dioxide in an
economical way by significantly reducing the fixation pro-
cess through removing of the process that separates, refines,
liquefies and transports carbon dioxide.

Also, when the carbon dioxide fixation process developed
by the present invention is applied to the thermal power plant,
exhaust gas is directly used for carbonization reaction.
Accordingly, the expenses and transport costs for capturing
carbon dioxide are mostly saved.

Other features and aspects will be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a carbon dioxide fixation method according
to an exemplary embodiment.
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FIG. 2A is a graph showing reaction efficiency according
to the supply amount of gas by using 100% CO, gas according
to an exemplary embodiment.

FIG. 2B is a graph showing reaction efficiency according to
the supply amount of gas by using 15% CO, gas according to
an exemplary embodiment.

FIG. 3A is a picturc showing that the calcite prepared in
Example 1 was detected by an electron microscope.

FIG. 3B is a photo showing that the calcite prepared in

6

gypsum (520 g) were mixed with water (2000 g) and slurry
was stirred at 40° C. Slurry containing calcite and ammonium
sulfate was prepared through reaction for about 15 minutes
while blowing CO, to be added at a speed of 7 liters per
minute. The used gas was 100% pure CO, gas.

Upon completion of the reaction, solid calcite and aqueous
ammonium sulfate were separated after centrifugation for 10
minutes at a speed of 1000 rpm by the laboratory centrifuge
(Union32R, Hanil).

Comparative Example 1 was observed by the electron micro- 10
scope. The separated calcite were dried at 80° C. to obtain powder

FIG. 4(a) shows an X-ray diffraction pattern of waste gyp- (369 g). Drying the aqueous ammonium sulfate obtained
sum. powder (394 g). Fixation efficiency of carbon dioxide was

FIG. 4(b) shows an X-ray diffraction pattern of vaterite. about 78%. FIG. 3B is a photo showing that the prepared

FIG. 4(c) shows an X-ray dillraction pattern of the calcite 15 calcite was observed by the electron microscope.
prepared in Example 1. According to an X-ray diffraction result of the calcite and

the ammonium sulfate, the calcite showed d—3.03 A (104),
DETAILED DESCRIPTION OF EMBODIMENTS 2.285 A (113), and 2.09 A (202) and the ammonium sulfate
o . L o N showed d=4.33(111),3.94 A (200),3.032 A(031)and 2.97 A

Hereinafter, Examples will be described in detail withref- 20 (902). 1t is confirmed based on the result that the calcite and
erence to the accompanying drawings. Tt is apparent to those the ammonium sulfate were prepared and no vaterite was
having an ordinary skill that following Examples are pro- produced.

ided 1 bodiments and th t i tion i
viced as oyelupary embodiments and the preserit invertion 1s FIG. 4(a) shows an X-ray diffraction pattern of waste gyp-
not limited thereto. . )

55 sum and FIG. 4(b) shows an X-ray diffraction pattern of the
EXAMPLE 1 vaterite. FIG. 4(c) shows an X-ray diffraction pattern of the
calcite prepared in Example 1.
Aqueous ammonia (ammonia content; 25 wt %, 750 g) and Table 1 shows a combination ratio in Example 1 and Com-
waste gypsum (520 g) were mixed with water (2000 g) and parative Example 1 and fixation efficiency of carbon dioxide.
TABLE 1
Combination ratio in Examplc
Ratio Fixation
of CO, efficiency
Aqueous  Waste inmixed Tlow Calcite Ammonium of carbon
ammonia gypsum gas rate  weight sulfate dioxide
(2) (2) (Wt %) L/min (2) weight (g) (%)
Example 1 750 520 15 15 316 330 96
Comparative 750 520 100 7 369 394 77
Examplc 1
slurry was stirred at 40° C. Slurry containing calcite and What is claimed is:
ammonium sulfate was prepared through reaction for about 1. A fixation method of carbon dioxide, comprising:
34 minutes while blowing carbon dioxide to be added at a *°  a) grinding waste gypsum to become 200-300 mesh; and
speed of 15 liters per minute. T.he used gas was mixed gas b) performing reaction by supplying exhaust gas of a power
formed of 15% CO, and 85% nitr ogen.of 85%. plant while mixing the ground waste gypsum with aque-

Upon completion of the reaction, solid calcite and aqueous ous ammonia,
ammonium sulfate were separated after centritugation for 10 wherein the exhaust gas contains nitrogen and 5-25 wt %
minutes at a speed of 1000 rpm by the laboratory centrifuge 50 carbon dioxide.

(Union32R, Hanil).

_ The separated calcite and ammonium sulfate were respec- 2. The fixation method of claim 1, wherein in the step b),
UVel}’ dried to obtain pov.vders of 316 g a_I(l)d 330 g. Fixation the exhaust gas is dispersedly supplied and a total supply
efficiency O.f carlj)on d10x1de.was about 95%. . amount ol the supplied exhaust gas is 24-30 parts by weight

FIG. 3A is a picture showing that the prepared calcite was 35 pacad on 100 parts by weight of the input waste gypsuni.
detected by an electron microscope.

According to the result that the calcite and the ammonium 3. The fixation method of claim 1, wherein in the step b)
sulfate were analyzed through X-ray diffraction, the calcite aqueous ammonia contains 2-40 wt % ammonia. ’
showed d—3.03 A (104), 2.285 A (113), 2.09 A (202) and the
ammonium sulfate showed d=4.33 (111),3.94 A (200),3.032 60 4 The fixation method of claim 3, wherein in the step b),
A (031),and 2.97 A (002). Accordingly, it was confirmed that 60-100 parts by weight of the waste gypsum is contained
the calcite and the ammonium sulfate were prepared. based on 100 parts by weight of aqueous ammonia.

o 5. 'The fixation method of claim 1, further comprising:
COMPARATIVE EXAMPLE 1 ¢) drying the separated solid and liquid after separating
65

According to the same method as that of Example 1, aque-
ous ammonia (ammonia content; 25 wt %, 750 g) and waste

solid from liquid in the step b).



