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AA ... Supplied material

BB ... Supplied material + catalyst
CC ... Ash

DD ... Synthetic gas

EE ... Steam

FF ... Oxygen

GG.. COz-free synthetic gas

(57) Abstract: The present invention relates to a method for gasifying a carbon-containing material, comprising the following steps:
(a) permitting the carbon-containing material to react to steam in the presence of a catalyst so as to generate synthetic gas containing
hydrogen, carbon monoxide, carbon dioxide, etc.; (b) applying a portion of the synthesis gas obtained in step (a) to a combustion
process, and/or separating hydrogen and carbon monoxide from the synthetic gas to generate carbon dioxide rich gas; and (c) re-cir -
culating the carbon dioxide rich gas generated in step (b) to step (a). The method of the present invention eliminates the necessity of
separating or collecting and storing carbon dioxide for reducing carbon dioxide, thus minimizing costs for constructing a special
device and facility for the separation or collecting and storage of the carbon dioxide.

(67 £9%A:

[che = H4



WO 2012/077978 A9 U 0TI A0 0 00 A

74 A= A: AL4 KWON, Oh-Sig) 5 7394 A
T .‘E/\_% 921 F28 229 4 %, 302-120 Daejeon
(KR).

@) AAF (B=9 XAV} sl 3, 7hES BE SF
Tl Aele] HEE $319): AR, AG, AL, AM, AO,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KZ,
LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

AARF (1= W*V} e, e BE SR
Ay Aele HEE ¢ 0}04) ARIP()(BW GH, GM,
KE, LR, LS, MW, MZ, NA, RW, 8D, SL, $Z, TZ, UG,

= PA

89

ZM, ZW), -+ 2F Al o} (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), -4 (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

A
T A ZALR LA 9 T (2

T3 91.3(b) A ol o & E@
A% 4R e} A (13 482(3)

]21 (3))
kA %o] 3 5 7lel

ok
e
ul

=i

(88) FAZAIRIA FANY: 20128429
48) 2 AAE TAY. 20123 9 27
15) BAALE ] #F AR

201241 94 279 A} BA

S0 0 el Al v
B A7) = @ (b) 7] T

- YA FESE Edle] o
(© 37) WA T8 oL /1 5g A
B g4 20 g e A geio]
o] WA} Yol ol AT WS A w HuE

vua 1 :

(e
)
o e wl rie b



1

10

p—t
[

20

[\S]
w

ipEscripTION
[Invention Titlel

GASTIFICATION METHOD FOR REDUCING EMISSION OF CARBON DIOXIDE

[Technical Field]

[1] The present invention relates tc a gasification
method of a carbon-containing material such as coal,
biomass or petroleum coke, and wmore particularly, to a
gasification method capable of increasing a gasification
rate and reducing an amount of carbon dioxide to be

generated by using a catalyst at a low temperature.

[Background Art]

[2] With the rapid development of the gociety since
the 20th century, an energy supply and demand system has
become unstable and environmental problems such as global
warming have increased. An attempt to use fossil energy by
an environmentally friendly method along with a study on
fuels that do not cause environmental pollution has been
actively conducted. Particularly, compared to the direct
combustion of <¢oal which causes serous environmental
pollution, attempts to convert coal into a gas fuel form
such as a syngas has been tried continucusly (referred to
as “gasification”).

[3] In other words, the term “gasification” means
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that solid or liquid fuel which basically contains carbon
such as coal, petroleum coke, and biomass is reacted with
gas such as oxygen, steam, carbon dioxide, and hydrogen to
produce combustible gases such as CO, H; and CHy. The
process is performed primarily at a high temperature and
high pressure in order to maximize capacity and efficiency
of a gasification treatment. The resultant combustible
gases are used as a plant fuel gas, as chemicals or
synthetic petroleum through a methanol synthesis process,
an NH; synthesis process and a Fischer-Tropsch synthesis
process, or as a hydrogen generation source for a hydro-
desulphurisation process and a hydrocracking process of
crude o0il by maximizing hydrogen production.

[4] Common gasification systems produce a syngas by
reacting coal or other carbon-containing materials with
gsteam and oxygen {(or air). The “syngas” of the present
invention is mainly formed of hydrogen and carbon monoxide,
but the present invention is not limited thereto, and may
additionally include components such as carbon dioxide and
methane.

[5]

rx

IG. 3 schematically shows the conventional
gasification process.
[6] Referring to FIG. 3, H0, oxygen and a carbon-

containing material (for example, coal, petroleum coke,

biomass, and the like) are introduced to a gasifier. The
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carbon-containing material introduced to a gasifier is
reacted with H;0 and oxygen both with a kind of catalysts
and without catalysts, thus generating a product containing
H,, CO, CCO,, and the 1like. Then, the following main
reactions occur in the gasifier.

[7] C¢ + H,O - CO + H,

[8] C + CO, — 2CO

[9] C + O — COy

[10] The product thus generated in the gasifier is
subjected to a removal process of particular materials, Hg,
and NOx, and then an acidic gas removal process of H;S and
COs. Subsequently, the resultant gas is selectively used
for Fischer-Tropsch (F-T) reaction or MeOH reaction through
the following water gas shift reaction, or may be used
without changing excess H,.

[11] <water gas shift reactionx

[12] CO + H0 - Hy + CO;

[13] <Fischer-Tropsch (F-T) reaction>

[14] CO + 2H, - -(CHz)y- + H0O

[15] <Methanol synthesis>

[16] CO + 2H, — CHs0H

[17] When a common steam/oxygen gasifier 1is used,
since the carbon gasification reaction {(C + H,O0 - H; + CO
or C + C0Op; — 2C0) 1is a very strong endothermic reaction,

the corresponding heating value should be provided by the
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carbon combustion reaction (C + 0O, - CG0,). Therefore, a
portion of hydrocarbon used as raw materials 1is converted
into carbon dioxide in or out of the gasifier, after the
combustion reaction. After the gasification, the syngas
generated from the gasifier need to have a H,/CO ratio of 2,
which 1is stoichiometrically required in order that F-T
synthesis or methanol generation is performed through the
water gas shift reaction. 1In this case, it is calculated
that the total process has a theoretical carbon efficiency
of less than 49.8% and has a CO; generation amount of 0.502
mol CO,/mol C or more. Then, carbon efficiency is defined
as follows.

[18] Carbon efficiency (%) =(the sum of the wmole
number of carbon monoxide and the mole number of methane in
syngas having a H,/CO cf 2 to 2.1) x 100/mole number of
carbon in raw materials introduced for gasificaticn
[19] [Table 1]

[20]

Gagification reaction .0C + 1.0H,0 - 1.0H, + 1.0C0O

Combustion reaction L34C + 0.24 C, - 0.34C0,

Water gas shift reaction .33C0O + 0.33H,0 - 0.33H, + 0.33C0,

Riojo|r

Entire reaction .34C + 1.33H,0 + 0.340, - 1.33H, +

0.67CO + 0.67C0,

[21] Such 1low carbon efficiency reduces economic
efficiency of a Coal-to-Liguids (CTL} process, or the like,.

Further, in order to reduce CO, that 1s a greenhouse gas,
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additional facilities are required, high costs are reguired
to collect and store carbon, and it i1is difficult to
construct commercial plants with economic efficiency.

[22] Korean patent Laid-copen Publication No. 10-2008-
0041635 discleoses an alkaline metal catalytic steam
gasification method which wuses (€O, trapping materials
and/or mineral binder materials in a gas generation
apparatus. The Patent Document discleoses (€0, trapping
materials for converting CO0; 1into sclid carbonate or
bicarbonate in order to improve catalyst activity. However,
CO, may not be converted into substantially available
materials such as CO. Further, there are problems where
this Patent Document is limited to the sgpecific catalyst
and should additionally include €O, trapping materials such

as CaO.

[Disclosure]
[Technical Problem]

[23] The present inventors £found that, there 1is no
net generation o¢f carbon dioxide, and efficiency of
gasification process 1s 1increased, when the amount of
carbon dioxide consumed by the C-C0O; reaction is equal to
the sum of the amount of carbon dioxide produced during the
combustion of syngases and the amount of carbon dioxide

produced by the water gas shift reaction. Thus, the
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present invention was accomplished.

[24] Therefore, an cobject of the present invention is
to provide a gasification method of carbon-containing
materiale, which may reduce a CO, generation amount, as
well as achieve high carbon efficiency £from carbon-
containing materials such as coal, petroleum coke, and

biomass at a low temperature.

[Technical Solution]

[25] In one general aspect, a gasification method of
carbon-containing materials includes:

[26] (&) reacting carbon-containing materials to be
treated under the presence of a catalyst with steam to
produce a syngas contailning hydrogen, carbon monoxide and
carbon dioxide;

[27] {(b} generating a carbon dioxide <rich gas
including at least one selected from 1) intrcducing a
portion of the syngas that has been produced in step (a)
into the combustion process, and

[28] 1i) separating hydrogen and carbon monoxide from
the syngas produced in step (a}; and

[30] (¢} recycling, to step (a), the carbon dioxide
rich gas that has been produced in step (b).

[32] Examples of the catalysts that may be used in

step (a) include general catalysts that may be used for the



gasification reaction of carbon-containing materials, and
preferably transition metal catalysts, or catalysts
containing alkaline metals or alkaline earth metals.
Examples of the alkaline metal components that may be used
5 include Li, Na, K, Rb, Cs, Fr, and the like. Examples of
the alkaline earth metal components that may be used
include Mg, Ca, and the like. Examples of the transition
metal catalysts that may be used include Fe, Ni, Co, Cu, Zn,
and the like. The present invention is not limited thereto.
10 Other metal compeonents which is suitable to the object of
the present invention may be used, which 1is evident to
those skilled in the art.
[33] Furthermore, the catalyst which may be used

includes one or a mixture of at least two, of hydrates,

p—t
[

oxides, and metal salts of the metal. In addition, the
metal may be mixed with general gasification reaction
catalysts.

[34] The carbon-containing materials to be treated in
step (a) may be used without limitation as long as they may
20 be a material which i1is suitable to the object of the
present invention. Typical examples thereof include coal,
biomass, coke, or the like, but the present invention are
neot limited thereto.

[35] Furthermore, in order to generate the carbon

[\S]
w

dioxide rich gas in step (b), one selected from introducing
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a portion cf the syngas that has been produced in step (a)
to the combustion process and separating hydrogen and
carbon mwmeonoxide from the syngas may be used, or two
processes thereof may be used at the same time. A portion
of the syngas that has been produced in step (b) 1is
introduced to the combustion process and thereby a heating
value which is required for the gasification of carbon-
containing materials according to the present invention may
be supplied.

[36] A combustion method includes general flame
combustion, catalyst combustion, and the like. In crder to
control conditions at the time of intreduction to a
gasifier, methods such as Chemical Looping Combustion may
be used. Two or more combustion methods may be combined
for a higher effect.

[37]

[38] According to a preferable specific example of
the present invention, the present invention may £further
include:

[39] (d) separating carbon dioxide from the syngas
that has not been not introduced at the time of the
combustion process in step (b).

[40] Further, the present invention may further
include:

[41] (e) recycling, to step (a), the carbon dioxide
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that has been separated in step {(d); or

[42] (f) recycling, to the combustion process of step
(b}, the carbon dioxide that has been separated in step (d).

[43]

[44] According to a preferable specific example of
the present invention, the present invention may further
include separating and recovering the catalyst used for the
purpeose of gasification. The catalyst may be separated and
recovered at any time during the gasification according to
the present invention, if necessary.

[45] The catalyst recovery is performed such that
effective catalyst components are recovered in liquid or
solid state from the wmixture of catalyst and ash.
Specifically, during or after the completion of
gasification in a gasifier, the catalyst may be recovered
from the mixture of catalyst and ash emitted from the lower
portion of the gasifier; or from the entrainment material
in gas flow, by using an apparatus separately provided or

integrally eguipped with the gasifier.

[advantageous Effects]

[46] By the gasification method of the invention, a
gasification method in which carbon dioxide that is a
greenhouse gas 1is not generated may be implemented. Also,

carbon efficiency may be maximized, when chemicals such as
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methanol or production of synthetic o0il are produced
through the consecutive Fischer-Tropsch process after the
gasification, and thus economic efficiency of the entire
process may be improved.

[47] Further, the existing gasification process needs
Carbon Capture & Storage (CCS) or sgeparation for reducing
carbon dioxide because about 50% 1is emitted as carbon
dioxide, with respec to the carbon included in raw
materials. Therefore, huge costs are requilired for the
practical use thereof.

[48] When the gasification method for reducing
emission of carbon dioxide of the present invention 1s used,
costs for constructing a separate apparatus and facility
for carbon dioxide capture and storage may be minimized,
and thus the gasification process may be constructed

economically.

[Description of Drawingsl
The above and other objects, features and advantages
of the present invention will become apparent £from the
following description of preferred embodiments given in
conjunction with the accompanying drawings, in which:
[49] FIG. 1 shows the process of a gasification
method according to a preferable specific example of the

present invention;
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[50] PIGS. 2a and 2b show graphs showing a
composition example of the syngas emitted from a gasifier,
FIG. 2a is a graph showing the composition of the syngas at
the time cf steam-carbon dioxide gasification with use of a
catalyst, and FIG. 2b is a graph showing the composition of
the syngas at the time of steam-carbon dioxide gasification
of lignite without use of a catalyst;

[51] FIG. 3 shows a general process of high
temperature steam-oxygen gasification; and

[52] FIG. 4 shows a general (CTL process made of a

high temperature steam-oxygen gasifier.

[Best Model

[53] Hereinafter, the present invention will be
described in detail with reference to the accompanying
exemplary drawings and the following reaction formulae.
However, exemplified drawings are only described to easily
comprehend the present invention. Also, the scope of the
present invention is not limited to those illustrated in
the drawings, which is evident to those skilled in the art.

[54] The  present invention basically includes
separating and recycling carbon dioxide after gasification
using a catalyst, which promotes the C-C0O, gasification
reaction in a gasifier.

[55] The gasification method according te the present
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invention discloses (a) reacting carbon-containing
materials to be treated, such as coal, petroleum coke,
biomass, and the like under the presence of a catalyst with
steam to preoduce a syngas containing hydrogen, carbon
monexide and carbon dioxide.

[56] Additionally for the gasification, as shown in
FIG. 1, coal, petroleum ccke, biocmass, and the like along
with a catalyst are added to a gasifier 1.

[57] Then, the follcowing reactions are carried out in

the gasifier 1:

[58] C + HyO - Hy + CO, Hy = 131 KJ/mol (1)

[59] C + CO» - 2C0, Hyx = 174 KJ/mol (2)
[60] CO + H0 — Hy + COs, Hzg = -33.6 KJ/mol {(3)
[61] CO + 3H; — CHs + H,0, Hg = -226.8 KJ/mol {(4)

[62] The reactions in the gasifier 1 result in
production of a syngas containing hydrogen, carbon monoxide
and carbon dioxide. Regardless of the steam gasification
reaction, the reaction rate of the C-C0, reaction known as
a carbon dioxide gasification reaction 1s generally slower
than that of the steam gasification reaction at a low
temperature. A catalyst is used to supplement the slower
reaction rate of CO,; reaction. Then, the catalyst that may
be used in the present invention mwmay include general
catalysts that may be used for the gasification reaction of

carbon-containing materials, and preferably include
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catalysts containing alkaline metals or alkaline earth
metals. Examples of the alkaline metal components that may
be used include Li, Na, K, Rb, (s, Fr, and the like.
Examples o¢f the alkaline earth metals that may be used
5 include Mg, Ca, and the like. Furthermore, the catalyst
which may be used includes one or a mixture of at least two,
of hydrates, oxides, and metal salts of the metal. In
addition, the metal may be mixed with general gasification
reaction catalysts.
10 [63] The gasification may be preferably performed at
a temperature of 750 to 850°C.
[64] As shown in FIG. 1, the syngas generated from
the gasgifier 1 is subjected to separation of carbon dioxide

from the syngas ceontaining H,; and carbon monoxide in a CO;

p—t
[

separation section 3.

[e5] As shown in FIG. 1, the carbon dioxide thus
separated may be recycled to a recycled line and supplied
directly to the gasifier 1, or may be supplied tec a
catalytic combustion section 4 along with a portion of the
20  syngas which has been emitted from the gasifier 1 and
recycled to the recycled line. Then, the syngas that has
been emitted from the gasifier 1 and recycled is burned in
the catalytic combustion section 4, and thus a heating

value required for the reaction, steam and carbon dioxide

[\S]
w

are supplied.
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[66]

[67] The main reaction formulae are as follows:

[68] H, + 0.50, — H-0, Hg = -241.8 KJ/mol

[69] CO + 0.50; — CO,, Hy = -283 KJ/mol

[70] The carbon dicxide that has been produced by the
combustion of carbon monoxide 1s converted into carbon
monoxide through the (-CO, reaction in the gasifier 1, a
portion of the generated carbon monoxide is converted into
hydrogen and carbon dicxide through the water gas shift
reaction. During this process, when the amount of carbon
dioxide consumed by the C-CC; reaction is equal to the sum
of the amount of carbon dioxide produced during the
combustion of the syngases and the amount of carbon dioxide
produced by the water gas shift reaction, there 1is no net
generation of carbon dioxide, and therefore efficiency of
gasification process 1is 1increased. Additionally, the
carbon dioxide that has been recycled and steam that has
been supplied to the gasifier 1 are allowed to increase a
partial pressure of carbon dioxide and a partial pressure
of steam as a gasification agent, which serves to promote
the gasification reaction with steam and the gasification
reaction with carbon dioxide.

[71] FIG. 2 shows the composition of the syngas
generated by the steam-carbon dioxide gasification of

lignite containing 10 wt% of a K,CO0; catalyst and catalyst-
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free lignite. The composition of the syngas proceeded at
the temperature of 800°C, the atmospheric pressure and the
gage pressure of 1 Kgg/cm®. Then, a partial pressure of
steam was about 0.36 Kgg/cm’ and a partial pressure of
carbon dioxide was 0.19 Kgs/cm®. When the catalyst is used
as shown i1in FIG. Z2a, carbon dioxide is converted into
carbon monoxide by reaction with the carbon of coal,
whereas carbon monoxide is not almost produced by the C-CO;
reaction at the time of the gasgification of catalyst-free
coal. The effect is not limited to a Ky;CO; catalyst.

[72] The catalyst that has Dbeen subjected to
gasification is recovered, and is supplied to the gasifier
1 again along with carbon-containing materials.

[73] Hereinafter, the present invention will be
described with reference to the Examples. However, the
fellowing Examples will be provided for description, but
the invention is not limited thereto.

[74] [Comparative bxamplel] Heat Efficiency of General

Steam-Oxygen Gasification Method

[75] A stoichiometric formula of the steam
gasification reaction to 1lg-mol of Dbituminous c<oal,
calculated from the composition of the syngas generated
from a GE-TEXACO gasifier [see DOE/NETL-2008/13311 is as
follows:

[76] CHo_goQ‘]_ + 01H2O +O.502 —> OSSH: -+ 0.77C0O +



[77] In this case, the maximum thecretical heat
efficiency calculated using the following formula is about
70%. Cn the other hand, 0.23 mel of carbon dioxide is

5 emitted per 1lg-mel of the carbon included in bituminous

ccal, and therefore 77% of the carbon wmay be used
effectively.
[78] Heat efficiency (%) = [(mole number of H; x unit

heating wvalue of H;) + (mele number of CO x unit heating

10 wvalue of CO) x 100 (%)/I[g-mol of coal x unit heating value
of coal]

[79] Then, a unit heating value of g-mocl of coal was

calculated by the enthalpy o©of a reaction in which carbon

and hydrogen are burned to produce carbon dioxide and water.

15 [80] [Example 1] Heat Efficiency Improvement by the

Present Invention

[81] When the C-C0O, gasification reaction proceeded

by 1, the steam gasification reaction proceeded by 0.6 with

X

respect to 1 g-mecl of lignite, and 15 % of the carbon
20 monoxide produced by the gasification reaction is converted
intc hydrogen and carbon dioxide by the water gas shift
reaction, the total stoichiometric formula is as follows.
Then, a heat of reaction reguired for gasification is

supplied by the combustion of the produced syngas.

[\S]
w

[82] CHO.SOO.z + O38H2O +02202 - O78H2 + 1.00C0O + (“‘
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0.001C0O;)
[83] In this case, the heat efficlency calculated

using the calculation equation of heat efficiency is about

@

96%.

[84] The Alr Separation Unit (ASU) that separates
oxygen from air and supplied to a gasifier has a very large
effect on heat efficiency of the entire gasification
process. A supplied oxygen amount according to the
gasification method described 1in the present Example
corresponds to about 44%, compared to Comparative Example 1,
and thus energy supplied for ASU coperation is considerably
low. Further, in a general gasifier, a heat of reaction
required for gasification is supplied by the combustion of
cocal that 1is a solid state, whereas a heat of reaction
required for gasification is supplied by burning the syngas
that 1s a gas state 1in the present invention, thus
obtaining high combustion efficiency. The effect obtained
from the present invention may be further improved by using
a catalyst at the time of burning the syngas. In other
words, combustion of the syngas is performed by using a
catalyst, and thereby it 1s expected that a ratic of oxygen
to fuel may be minimized.

[85] [Table 2]

[86]
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Comparative Example 1 Efficiency
Example 1 increase (%)
Heat 70 96 37.7
efficiency
(%)
Carbon 77 100 29.9
efficiency
(%)

[87] [Example 2] In the case of setting a ratio of

hydrogen to carbon monoxide in syngas teo 2

[88] After the gasification of coal, when synthetic
0il was produced through the F-T reaction or methanol was
produced, a ratio of hydrogen to carbon monoxide that is
required is 2 to 1.

[89] Fischer-Tropsch reaction nCO + 2nH, - (CHz)n +
nH,0

[90] Methancl synthesis reaction nCO + 2nH,; — nCH;0H

[91] With respect to the syngas produced by the
gasification, a ratioc of hydrogen to carbon monoxide may be
controlled by the water gas shift reaction. The syngas
produced through a GE-TEXACO gasifier of Comparative
Example 1 1ig converted such that a ratio of hydrogen to
carbon monoxide is 2 to 1 through the water gas shift
reaction.

[92] CHg.90p.1 + C.1H;O +0.50; — 0.88H; + 0.44C0 +
0.56C0;

[93] In the present invention, the water gas shift

reaction 1is& performed 1in a gasifier, and thereby an




additional ©reactor i1is not needed. Then, the steam
gasification reaction and the C-C0; gasification reaction
are preferably carried out by about 1 to 0.33, respectively.
About 39% 1is converted intc hydrogen and carbon diocoxide
5 through the water gas shift reaction, with respect to the
total amount of carbon  monoxide produced by the
gasification reaction.
[94] Then, a theoretical formula is as follows:
[95] CHo.Cp.25 + 0.38H,0 +0.220; — 1.22H, + 0.61CO +
10 0.39C0;
[96] Heat efficiency, carbon efficiency and reduced
amount of the generated carbon dioxide improved by the
present invention was shown in Table 3

[97] [Table 3]

15 [98]
After water gas | Example 2 Efficiency
shift reaction increase /
of Comparative generation
Example 1 amount decrease
(%)

Heat efficiency | 67.2 95 .4 42 .1

(%)

Carbon 44 61 38.9

efficiency (%)

CO, generation | 56 39 30.5

amount (%)

[99]
[100] As described in Examples 1 and 2, the carbon
efficiency improved by the present invention may

20  significantly reduce an amount of raw materials such as
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coal to be used. Thus, the cost of raw materials, the
apparatus cost and operation cost for drying, grinding,
transfer and storage of raw material (coal) may be reduced
significantly. Also, the ASU apparatus cost and operation
cost may be improved by 50% or more through catalytic
combustion of the syngas. In addition, the amount of
carbon dioxide to be emitted is reduced significantly, the
used energy amount and costs of apparatus such as a CO;
gseparation process, for example, an amine absorption
process are improved significantly, and therefore economic

efficiency of the entire prccess may be further improved.
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[crarmg]
[Claim 1]

A gasgification method of a carbon-containing material,
the method compriseing:

{a) reacting a carbon-containing material to be
treated under the presence of a catalyst with steam to
produce a syngas containing hydrogen, carbon monoxide and
carbon dioxide;

(b) generating a carbon dioxide rich gas including at
least one selected from i) introducing a portion of the
syngas that has been produced in step {a) into a combustion
process, and

1i}) separating hydrogen and carbon monoxide from the
syngas produced in step (a); and

(c) recycling, to step (a), the carbon dioxide rich

gas that has produced in step (b).

[claim 2]
The gasification method o©¢f a carbon-ceontaining
material of claim 1, further comprising: (d) separating
carbon dioxide from the syngas that has not been introduced

to the combustion process in step (b).

fcilaim 3}

The gasification method o©f a carbon-containing
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material of claim 2, further comprising: (e) recycling, to
step (a), the carbon dioxide that has been separated in

step (4).

5  [claim 4]

The gasification method o©¢f a carbon-containing
material of claim 2, further comprising: (£} recycling, to
the combustion process of step (b}, the carbon dioxide that
has been separated in step (d).

10
fclaim 5]

The gasification method o©f a carbon-containing

material of c¢laim 1, wherein the catalyst includes

transition metal catalysts, or catalysts containing

p—t
[

alkaline metals or alkaline earth metals.

[claim 6]
The gasification method o©f a carbon-containing
material of claim 5, wherein a metal component included in
20 the catalyst is one or a mixture of at least two, selected
from the group consisting of Li, Na, K, Rb, Cs, Fr, Mg, Ca,

Fe, Ni, Co, Cu and Zn

fciaim 7}

[\S]
w

The gasification method o©f a carbon-containing
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material of claim 5, wherein the catalyst 1is a Ky;CO;

catalyst.

[claim 8]
The gasification method o©f a carbon-containing
material of claim 1, wherein the carbon-containing material

is coal, biocomass, or coke.
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