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(57) Abrege(suite)/Abstract(continued):

contact with a low-temperature absorbing solution (1005-1), a low-temperature regenerator (1008-1) that regenerates a low-
temperature rich solution (1007-1), a low-temperature rich-solution supply line (12-1) that feeds the low-temperature rich solution
(1007-1) to the low-temperature regenerator (1008-1), and a low-temperature lean-solution supply line (13-1) that feeds a low-
temperature lean solution (1009-1) to the low-temperature absorber (1006-1) from the low-temperature regenerator (1008-1); and
a high-temperature CO, reducing apparatus (11-2) that is arranged on a side at which the flue gas (1002) is discharged, and that

has the same configuration as the low-temperature CO, reducing apparatus (11-1).



10

15

CA 02693065 2009-12-08

PMHA-09021-PCT
30

ABSTRACT

A CO, reducing system (10A) is constituted by a low-
temperature CO, reducing apparatus (11-1) that includes a
low—-temperature absorber (1006-1) that reduces at least one
of CO, and H,S by bringing flue gas (1002) including at
least one of CO, and H,S into contact with a low-
temperature absorbing solution (1005-1), a low-temperature
regenerator (1008-1) that regenerates a low-temperature
rich solution (1007-1), a low-temperature rich-solution
supply line (12-1) that feeds the low-temperature rich
solution (1007-1) to the low-temperature regenerator (1008-
1), and a low-temperature lean-solution supply line (13-1)
that feeds a low-temperature lean solution (1009-1) to the
low-temperature absorber (1006-1) from the low-temperature
regenerator (1008-1); and a high-temperature CO, reducing
apparatus (11-2) that is arranged on a side at which the
flue gas (1002) 1is discharged, and that has the same

configuration as the low-temperature CO; reduclng apparatus

(11-1).
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DESCRIPTION

CO, OR HyS REDUCING SYSTEM AND METHOD OF REDUCING CO, OR Hj,S

TECHNICAL FIELD

[0001] The present 1nvention relates to a CO; or H»S

reducing system and a method of reducing the same using an
absorbing solution that reduces CO; or HyS, or both
included 1n flue gas.

BACKGROUND ART

[0002] Recently, the greenhouse effect by CO, has been

polnted out as one of the causes of the global warming, and
countermeasures against the problem have become urgent

global necessity to protect the global environment. An

emission source of CO, 1s present 1n various fields of

human activity 1n which fossil fuel i1s burned, and there 1is

a tendency to further i1ncrease demand for suppression of
the emission. Under such circumstances, 1ntensive research
on a feedstock (chemical purpose) such as urea, a boost 1n

01l production, and a method of reducing and collecting CO,

in flue gas, and of storing collected CO, without releasing

it 1nto the atmosphere by bringing the combustion flue gas
from a boiller into contact with amine CO; absorbing

solution in a power generation facility in a thermal power

plant and the like 1n which a large amount of fossil fuel

1s used, as a countermeasure to the global warming has been

conducted.

[0003] As a practical method of collecting and storing

CO, 1n a large amount of combustion flue gas, a chemical
absorption method in which the flue gas 1s brought into
contact with CO,; absorbing solution such as an amine

solution has been available. As a process of reducing and

-

collecting CO, from combustion flue gas using the CO,



10

15

20

25

30

CA 02693065 2009-12-08

PMHA-09021-PCT

absorbing solution, a process of bringing the combustion

flue gas into contact with the CO, absorbing solution i1n an
absorber, and heating the absorbing solution that has

absorbed CO; 1n a regenerator to release CO; and to

r

N

egenerate the absorbing solution, and circulating the

absorbing solution into the absorber again to be reused

have been adopted (Patent Document 1).

(0004 ] In an operation of this conventional CO;
collecting apparatus using the chemical absorption method,
the amine solution and CO,; are separated by high-
temperature steam or the like, and the consumption of this

steam (enerqgy) has been required to be minimized.

Therefore, a method of using two or more kinds of different

CO, absorbing solutions mixed (Patent Documents 2 and 3)

o

feeding an COy

1

and a method of improving a process o

absorbing solution (Patent Document 4) have been considered.
[0005] Fi1g. 8 depicts a concept of a CO, or H;S reducing
apparatus 1n which the method of using two kinds of

absorbing solutions mixed 1s adopted. As shown in Fig. 8,

the conventional CO, or H»;S reducing apparatus 1000

includes a cooling column 1004 that cools an flue gas 100Z
that 1ncludes CO, and that i1s emitted from an industrial
facility 1001 such as a boiler and a gas turbine with a

cooling water 1003, an absorber 1006 that reduces CO, from

the flue gas 1002 by bringing the flue gas 1002 including

cooled CO, i1into contact with an absorbing solution 1005

P

that absorbs one or both of CO, or H,S, and a regenerator

1008 that regenerates the absorbing solution 1005 by

releasing CO, from a CO, absorbed solution (rich solution)

1007 that has absorbed CO,. In this apparatus, a

regenerated absorbing solution (lean solution) 1009 from

which CO; has been reduced in the regenerator 1008 is

reused as an absorbing solution. Moreover, high-reaction-
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speed amine 1043, water 1044, and low-reaction-speed amiline

1045 are supplied to the lean solution 1009 as necessary

from three storage tanks 1040, 1041, and 1042, respectively.

[0006] In the CO,; collecting method using this

conventional CO; collecting apparatus, the flue gas 1002

including CO, 1s first pressured up by a flue gas blower
1010, and then, sent to the cooling column 1004 and 1is
cooled by the cooling water 1003 to be sent to the CO,
absorber 1006.

1000 7] In the CO, absorber 1006, the flue gas 1002

countercurrent-contacts the alkanolamine-based absorbing

solution 1005, CO, in the flue gas 1002 is absorbed by the

absorbing solution 1005 by a chemical reaction (R-

NH,+H,O+CO»—->R-NH5HCO3) , and flue gas 1011 from which CO, has

been reduced 1s released to the outside of the system. The

absorbing solution 1007 that has absorbed CO, 1s also
called "rich solution”. This rich solution 1007 1s
pressured up by a rich solution pump 1012, and 1s heated,
in a rich/lean-solution heat exchanger 1013, by the
absorbing solution (lean solution) 1009 that has been
regenerated by reducing CO, 1n the regenerator 1008, to be
supplied to the regenerator 1008.

10008} The rich solution 1007 discharged from an upper
portion of the regenerator 1008 to the inside of the
regenerator 1008 causes an endothermic reaction to release
most of CO,. The absorbing solution that has released a
part or most of CO, 1n the regenerator 1008 1s called

"semi-lean solution". This semi-lean solution becomes the

regenerated absorbing solution 1009 from which CO, has been
removed substantially entirely by the time the semi-lean
solution 1008 reaches a lower portion of the regenerator
1008. This absorbing solution regenerated by removing

almost entire CO, 1is called "lean solution". This lean
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solution 1009 is heated by saturated steam 1030 in a
regeneration heater 1014. On the other hand, from a top
portion of the regenerator 1008, a CO, gas 1015 combined
with water vapor that has been released from the rich
solution 1007 and the semi-lean solution in the regenerator
1008 1s guided out. 1In a condenser 1016, the water vapor
1s condensed, water is separated in a separation drum 1017,
and a CO; gas 1018 is released to the outside of the system
to be collected. Water separated in the separation drum

g

1017 1s supplied to the upper portion of the regenerator

1008 by a condensed-water circular pump 1019. The
regenerated absorbing solution (lean solution) 1009 is
cooled 1in the rich/lean-solution heat exchanger 1013, with
the rich solution 1007, is subsequently pressured up by a
lean solution pump 1020, and is further cooled down by a
lean solution cooler 1021, and then supplied to the
apsorber 1006 again, to be reused as an absorbing solution.

[0009] Reference numeral 100la refers to a flue of the

industrial facility 1001 such as a boiler and a gas turbine,

reference numeral 1001b refers to a stack, and reference
numeral 1031 refers steam after heat exchange. The CO, or

H,S reducing apparatus can be retrofitted to collect CO,

from an existing source of the flue gas 1002, and can be

installed at the same time as the installation of a new

source of the flue gas 1002. To the stack 1001b, an
openable/closable door is provided, and is closed when the
CO2 or HyS reducing apparatus is operating. Moreover, it

1s set such that the door is open when the source of the

flue gas 1002 is activated but the operation of the CO, or

H»5 reducing apparatus is stopped.

[0010] Patent Document 1: Japanese Patent Application Laid-
open No. H7-51537

Patent Document 2: Japanese Patent Application Laid-
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open No. 2001-25627

Patent Document 3: Japanese Patent Application Laid-

open No. 2005-254212

Patent Document 4: United States Patent No. 6800120

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0011] The absorbing solutions differ i1n CO; or H,S
absorption, dissipation properties depending on a
temperature, so that an absorbing solution may be prone to
dissipate but less prone to absorb CO, or H,S, an absorbing
solution may be, on the contrary, less prone to dissipate
CO, or H,S, but prone to absorb CO,, H;S, and the like.
[0012] Therefore, 1n the method in which two or more

different absorbing solutions mixed are use, when the

absorption temperature in the absorber 1s, for example,

40°C and the regeneration temperature i1in the regenerator 1s,

for example, 90°C, an absorbing solution that is less prone
to absorb CO, or H;S at a low temperature, for example,
exerts high CO; or H,S absorption property in the absorber
pbut exerts low CO, or H;S dissipation property in the
regenerator, and on the other hand, an absorbing solution
that 1s prone to absorb CO, or H,S at a high temperature
exerts low CO, or H,S absorption property 1n the absorber

but exerts high CO; or H;S dissipation property in the

regenerator. Accordingly, 1t 1s difficult to satisfy both

the absorption and dissipation of CO, or Hy,S of a plurality

of different absorbing solutions, and a problem that the

P
p—

ficiency of the system as a whole is low arises.

o

=l

[0013] Further, in the method in which the process of
feeding an absorbing solution is improved, it is important

to achieve heat exchange of the absorbing solution with the

maximum effectiveness in a range of 40°C to 120°C in order
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to conserve energy 1n a system.

10014} The present invention has been achieved in view
of the above problems, and an'object of the present
invention is to provide a CO,; or H;S reducing system and a
method i1n which the CO; or H;S absorption efficiency is

further improved using a plurality of different absorbing

solutions.

MEANS FOR SOLVING PROBLEM

—

[0015] According to an aspect of the present invention,

a CO, or H;S reducing system comprises at least two CO, or
H,S reducing apparatuses each of which includes an absorber
that reduces at least one of CO, and H,;S by bringing a
provided flue gas including at least one of CO, and H,S
into contact with an absorbing solution, a regenerator that
regenerates a rich solution that has absorbed at least one

ot CO, and H;S, a rich-solution supply line that feeds the

rich solution from the absorber to the regenerator, and a

lean-solution supply line that feeds a lean solution from

which at least one of C0O, and H,S are reduced in the

regenerator, from the regenerator to the absorber, wherein

the absorbing solution absorbs at least one of CO, and H,S

and 1s regenerated depending on a temperature of the

absorbing solution, different kinds of absorbing solutions
are provided independently to the respective CO, or H,S
reducing apparatuses, and the flue gas is fed continuously

gr—

in an order of a low-temperature absorbing solution on a

low temperature side to a high-temperature absorbing

solution on a high temperature side out of the different

ﬁ

kinds of absorbing solutions

[0016] Advantageously, the CO, or H;S reducing system

further comprises a cooling-water supply-line facility that
supplies a cooling water to cool the respective lean

solutions, wherein out of lean solutions that are supplied
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from the regenerator to the absorber, a lean solution
having a high temperature is arranged at an upstream side
and a lean solution having a low temperature is arranged on

a downstream side.

[0017] Advantageously, the CO, or H,;S reducing system
further comprises a saturated-steam supply-line facility
that supplies saturated steam to warm the respective lean

F

solutions, wherein out of lean solutions that are supplied

from the regenerator to the absorber, a lean solution
having a high temperature is arranged at an upstream side

and a lean solution having a low temperature is arranged at

a downstream side.

[0018] Advantageously, the CO, or H,;S reducing system

further comprises at least two heat exchanger that perform
heat exchange between the lean solution and the rich
solution, the lean solution and the rich solution

circulating 1n an identical apparatus or in different

apparatuses out of the CO, or H;S reducing apparatuses.
[0019] Advantageously, the CO, or H,S reducing system
further comprises at least one semi-lean-solution heat

exchanger that is interposed in the lean-solution supply

line and that warms a semi-lean solution that is extracted

from middle of the regenerator, and from which a part of at

least one of CO; and Hy;S is removed, with the lean solution

that 1s discharged from the regenerator.

P

10020] According to a further aspect of the present

invention, in a method of reducing CO,; or H,S, flue gas

P

including at least one of CO, and H,S is fed to a low-

temperature absorber, to which a low-temperature absorbing

solution on a low-temperature side out of a plurality of

different kinds of absorbing solutions is provided, to

reduce at least one of CO, and H,;S in the flue gas by the

low-temperature absorbing solution, and then the flue gas
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18 continuously fed to a high-temperature absorber, to
which a high-temperature absorbing solution on a high-
temperature side i1s provided, to further reduce at least

F

one of CO, and H»S 1n the flue gas that has not been

removed by the low-temperature absorbing solution, with the
high-temperature absorbing solution.

(0021] Advantageously, 1in the method of reducing CO, or
Hy,S, the low-temperature absorbing solution that is
provided to the low-temperature absorber is cooled by a
cooling water, to reduce at least one of CO, and H,S in the
flue gas by the cooled low-temperature absorbing solution,
and then the high-temperature absorbing solution that is
provided to the high-temperature absorber is further cooled

using the cooling water that has been heat exchanged with

the low-temperature absorbing solution, to further reduce

P

at least one of CO, and H;S that has not been removed by

the low-temperature absorbing solution, with the high-
temperature absorbing solution.

[0022] Advantageously, in the method of reducing CO, or
HpS, a high-temperature lean solution that is collected
near a bottom of a high-temperature regenerator that
regenerates a high-temperature rich solution that has

pa—

absorbed at least one of CO, and H,S in the high-

temperature absorber i1s extracted to outside to be heat

exchanged with saturated steam, and the warmed high-

temperature lean solution is fed to the high-temperature
absorber as a high-temperature absorbing solution, a low-
Cemperature lean solution that i1s collected near a bottom
of a low-temperature regenerator is extracted to outside to
pe heat exchanged with the saturated steam that has been
heat exchanged with the high-temperature lean solution, and
the warmed low-temperature lean solution is fed to the low-

temperature absorber as a low-temperature absorbing
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solution, and at least one of CO, and H;S in the flue gas
are reduced by the low-temperature absorbing solution, and
at least one of CO; and H,S that has not been removed by
the low-temperature absorbing solution is further reduced

by the high-temperature absorbing solution.

[0023] Aavantageously, 1n the method of reducing CO, or
H,S, the lean solutions that are discharged from the
respective regenerators are heat exchanged using at least

P

one of the rich solutions circulating in an identical

apparatus or a different apparatus out of the CO, or H,S
reducing apparatuses, and the heat exchanged lean solutions

are provided to the respective absorbers to reduce at least

one of CO,; and Hy;S in the flue gas.

(0024 ] Advantageously, 1n the method of reducing CO, or

H,S, after heat exchanging a semi-lean solution that is

extracted from middle of the regenerator and from which a

—

part of CO, 1s removed with the lean solution that is

discharged from the regenerator, the lean solution is
provided to the absorber to reduce at least one of CO, and
H,S 1n the flue gas.

EFFECT OF THE INVENTION

(0025] According to the present invention, by
independently supplying different kinds of absorbing

solutions for the respective CO, or H,S reducing

apparatuses, and by contilinuously feeding the flue gas in

gr—

the order of the low-temperature absorber to the high-

temperature absorber out of the different kinds of

—

absorbing solutions, CO,; or H,S in the flue gas can be

efficiently reduced corresponding to temperature dependency

of absorption and dissipation of CO, or H,S of the
respective absorbing solutions, and this is suitable for

the CO, or H;S reducing system and the method in which CO,

or H,S absorption efficiency is further improved.
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BRIEF DESCRIPTION OF DRAWINGS

(0020] [Fig. 1] Fig. 1 is a schematic diagram showing a

CO,; reducing system according to a first embodiment of the

present 1nvention in a simplified manner.

[F1g. 2] Fig. 2 depicts a modification of the CO,

reducing system according to the first embodiment of the
present 1nvention.
[F1g. 3] Fig. 3 depicts another modification of the

CO, reducing system according to the first embodiment of

the present i1nvention.

[Fig. 4] Fig. 4 i1s an example in which BAE is used as

+J

a low-temperature absorbing solution and MAE is used as a
high-temperature absorbing solution of the CO, reducing
system according to the first embodiment shown in Fig. 3.
[F1g. 5] Fig. 5 1is a schematic diagram showing a CO,
reducling system according to a second embodiment of the

present invention in a simplified manner.

[FF1g. 6] Fig. 6 1s an example in which BAE is used as
a low-temperature absorbing solution and MAE is used as a
high-temperature absorbing solution of the CO, reducing
system according to the second embodiment shown in Fig. 5.

[F1g. 7] Fig. 7 depicts a relationship between an

absorption temperature and an absorbing amount of CO,.

[Fig. 8] Fig. 8 depicts a concept of a CO, or H,S
reducing apparatus 1n which a method of using two kinds of

absorbing solutions mixed is adopted.

EXPLANATIONS OF LETTERS OR NUMERALS
[0027] 10A to 10D CO, reducing system

11-1 low-temperature CO,-reducing apparatus
11-2 high-temperature CO;-reducing apparatus
12-1 low-temperature rich-solution supply line
12-2 high-temperature rich-solution supply line

13-1 low-temperature lean-solution supply line



CA 02693065 2009-12-08

PMHA-09021-PCT
11

13-2 high-temperature lean-solution supply line
14 cooling water

15 cooling-water supply line

16 saturated-steam supply line

20-1 low-temperature semi-lean solution

20-2 high-temperature semi-lean solution

1002 flue gas

10

15

20

25

30

1005-1 low-temperature absorbing solution
1005-2 high-temperature absorbing solution
100e6-1 low-temperature absorber

1006-2 high-temperature absorber

1007-1 low—-temperature rich solution
1007-2 high-temperature rich solution
1008-1 low-temperature regenerator

1008-2 high-temperature regenerator

1009-1 low-temperature lean solution
1009-2 high-temperature lean solution
1021-1, 1021-2, 1021-3, 1021-4 cooler
1014-1 low-temperature regeneration heater
1014-2 high-temperature regeneration heater

BEST MODE (S) FOR CARRYING OUT THE INVENTION
10028 ]

The present i1nvention will be explained below in
detall with reference to the accompanying drawings. The

present invention 1s not limited to the embodiments and

examples. In addition, constituent elements in the

embodiments and examples include those that can be easily

assumed by those skilled 1n the art or that are

substantially egquivalent.

[0029] [First embodiment]

A CO; reducing system according to a first embodiment

of the present invention 1s explained with reference to the

drawings.

F1g. 1 1s a schematic diagram showing a CO, reducing
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system according to the embodiment of the present invention

1n a simplified manner. The CO, reducing system according

the present embodiment has a substantially same

configuration as the CO; or H;S reducing system shown 1n

Fig. 8, and therefore, it 1s shown 1n a simplified manner

N

|

and like reference numerals refer to like parts to those o:
the CO, or H,S reducing system 1n Fig. 8 and duplicated

explanations thereof will be omitted.

Although the present i1invention 1s a CO,; or H;S reducing

system having a reducing apparatus that absorbs CO, or H,S,

—

1in the present embodiment, a case of reducing only CO, 1is

explained.
T0030] As shown 1n Fig. 1, a CO; reducing system 10A
according to the present embodiment is constituted by a

low-temperature CO,-reducing apparatus 11-1 that 1is

provided on a side at which flue gas 1002 is taken in, and

a high-temperature CO,-reducing apparatus 11-2 that 1is

provided on a side at which the flue gas 1002 i1s discharged
out. The low—-temperature CO,;-reducing apparatus 11-1 1is
constituted by a low-temperature absorber 1006-1 that
reduces CO; by bringing the provided flue gas 1002
including CO; into contact with a low-temperature absorbing
solution 1005-1, and a low-temperature regenerator 1008-1

that regenerates a low—-temperature rich solution 1007-1

that has absorbed CO,, a low—-temperature rich-solution

supply line 12-1 that feeds the low-temperature rich

solution 1007-1 from the low-temperature absorber 1006-1 to
the low-temperature regenerator 1008-1, and a low-

temperature lean-solution supply line 13-1 that feeds a

low-temperature lean solution 1009-1 from which CO, is

reduced 1n the low-temperature regenerator 1008-1 from the

low-temperature regenerator 1008-1 to the low-temperature

absorber 1000-1.
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[0031] Moreover, similarly to the configuration of the
low-temperature CO,—-reducing apparatus 11-1, the high-
temperature COy;-reducing apparatus 11-2 1s constituted by a
high-temperature absorber 1006-2 that reduces CO, by
bringing the flue gas 1002 into contact with a high-
temperature absorbing solution 1005-2, and a high-
temperature regenerator 1008-2 that regenerates a high-
temperature rich solution 1007-2 that has absorbed CO,, a
high-temperature rich-solution supply line 12-2 that feeds
the high-temperature rich solution 1007-2 from the high-
temperature absorber 1006-2 to the high-temperature
regenerator 1008-2, and a high-temperature lean-solution
supply line 13-2 that feeds a high-temperature lean
solution 1009-2 from which CO, is reduced in the high-
temperature regenerator 1008-2 from the high-temperature

regenerator 1008-2 to the high-temperature absorber 1006-2.

Reference numeral 1013-1 refers to a low-temperature

heat exchanger that performs heat exchange on the low-
temperature rich solution 1007-1 and the low-temperature
lean solution 1009-1, and reference numeral 1013-2 refers
to a high-temperature heat exchanger that performs heat
exchange on the high-temperature rich solution 1007-2 and
the high-temperature lean solution 1009-2.

[0032] In the CO; reducing system 10A according to the
present embodiment, the low-temperature absorbing solution
1005-1 and the high-temperature absorbing solution 1005-2
are 1ndependently supplied to the low-temperature CO,-
reducing apparatus 11-1 and the high-temperature CO,-
reducing apparatus 11-2, respectively, to be circulated.

[0033] Furthermore, 1n the CO; reducing system 10A

according to the present embodiment, absorption of CO, and

regeneration of the low-temperature absorbing solution

1005-1 and the high-temperature absorbing solution 1005-2
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are dependent on the temperature of the low-temperature
absorbing solution 1005-1 and the high-temperature
absorbing solution 1005-2.

(0034 ] In the present i1nvention, as the low-temperature

absorbling solution, for example, methyldiethanolamine

(MDEA), diethanolamine (DEA), triethanolamine (TEA),

dilisopropanclamine (DIPA), Z-amino Z2-methylpropanol (AMP),
ethyldiethanolamine (EDEA), Z2-dimethylaminoethanol (DMAE),

2-diethylaminoethanol (DEAE), and the like can be used.
However, the present invention 1s not limited thereto, and
1t can be any absorbing solution having high
absorption/dissipation property at a low temperature.
[0035] Furthermore, in the present invention, as the

high-temperature absorbing solution, for example,

piperazine (P), monoethanolamine (MEA), 3-amino-l-propanol

(AP), 2-methylaminoethanol (MAE), 2-ethylaminoethanol (EAE),

n-propylaminoethanol (PAE), Z2-methylpiperazine (MP), 1-(2-
aminoethyl) piperazine (AEPRZ), and the like can be used.
However, the present i1invention 1s not limited thereto, and
any absorbing solution having high absorption/dissipation
property at a high temperature can be used.

[00306] Moreover, 1n the CO,; reducing system 10A
according to the present embodiment, the low-temperature
absorbing solution 1005-1 and the high-temperature
absorbing solution 1005-2 are independently supplied to the
low-temperature CO,—-reducing apparatus 11-1 and the high-

temperature CO;-reducing apparatus 11-2, respectively, and

the flue gas 1002 1s successively fed in the order of the

low—-temperature absorbing solution 1005-1 on a low

temperature side to the high-temperature absorbing solution

1005-2 on a high temperature side.

[0037] By successively feeding the flue gas 1002 in the

order of the low-temperature regenerator 1008-1 to the
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high-temperature regenerator 1008-2, after reducing CO

included in the flue gas 1002 by the low-temperature
absorbing solution 1005-1 on the low temperature side, CO;
that has not been absorbed by the low-temperature absorbing
solution 1005-1 i1s further reduced by the high-temperature
absorbing solution 1005-2 on a high temperature side.

[0038] Furthermore, 1n the CO, reducing system 10A
according to the present embodiment, CO, included in the

low—-temperature absorbing solution 1005-1 1s dissipated 1n

the low—-temperature regenerator 1008-1 to regenerate the

low-temperature absorbing solution 1005-1. Similarly, CO

included in the high-temperature absorbing solution 1005-2

1s dissipated i1n the high-temperature regenerator 1008-2 to
regenerate the high-temperature absorbing solution 1005-2.

Moreover, 1f the amount of absorbing solutions are not

P

SU

ficient to absorb CO; 1n the flue gas 1002 at the time
when the low-temperature lean solution 1009-1 and the high-
temperature lean solution 1009-2 regenerated are fed to the

low-temperature absorber 1006-1 and to the high-temperature

absorber 1006-2, respectively, defiliciency of the low-
temperature absorbing solution 1005-1 and the high-
temperature absorbing solution 1005-2 are supplied to the
low-temperature lean solution 1009-1 and the high-
temperature lean solution 1009-2 on the low-temperature
lean—-solution supply line 13-1 and the high-temperature
lean-solution supply line 13-2, respectively.

[0039] As described above, according to the CO, reducing

system 10A of the present embodiment, the low-temperature

absorbing solution 1005-1 having excellent dissipation

property sulitable for low temperature absorption and low
temperature regeneration, and the high-temperature

absorbing solution 1005-2 having excellent absorption

property sulitable for high temperature absorption and high



10

15

20

23

30

CA 02693065 2009-12-08

PMHA-09021-PCT
16

temperature regeneration are circulated 1n 1ndependent

closed systems, respectively, at temperatures suitable for

the respective absorption and regeneration. Thus, 1t 1s

possible to bring out the most of the CO;

F

absorption/dissipation properties of the respective low-

temperature absorbing solution 1005-1 and the high-

temperature absorbing solution 1005-2 dependent on the

temperature thereof. As a result, CO;

absorption/dissipation can be performed more efficiently

than a conventional CO, reducing apparatus that adopts the

method of using two or more kinds of different absorbing

solutions mixed as shown i1in Fig. 8.

[0040] Furthermore, 1n the CO, reducing system 10A
according to the present embodiment, two systems of the
low—-temperature CO,—-reducing apparatus 11-1 and the high-
temperature CO,-reducing apparatus 11-2 are provided.
However, the present invention 1s not limited thereto, and
three or more systems can be provided, as an arrangement in
which the low-temperature CO,-reducing apparatus, a medium-
temperature CO,-reducing apparatus, and the high-
temperature CO;—-reducling apparatus are provided.

(0041 ] Moreover, Fig. 2 depilicts a modification of the

CO, reducing system 10A according to the present embodiment

shown 1n Fig. 1. As shown 1in Fig. 2, a CO; reducing system

10B according to the present embodiment has a cooling-water

supply—-line facility that supplies cooling water 14 to cool
the respective low-temperature lean soluticn 1009-1 and
high-temperature lean solution 1009-2. While in the CO,
reducing system 10A according to the present embodiment
shown 1n Fig. 1, the cooling water 14 is supplied

separately to the low-temperature CO,-reducing apparatus

11-1 and the high-temperature CO,-reducing apparatus 11-2,

in the CO,; reducing system 10B according to the present
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embodiment, this 1s continuously performed.

[(0042] The cooling-water supply line facility 1s formed
by arranging a cooling-water supply line 15, and coolers
1021-1 and 1021-2 that interpose the lean solution supply

lines in the cooling-water supply line 15.

Specifically, as shown 1n Fig. 2, the cooling-water

supply line 15 that supplies the cooling water 14 to cool
down the low-temperature lean solution 1009-1 and the high-

temperature lean solution 1009-2 1s provided, and the low-

temperature lean solution 1009-1 that 1s supplied from the
low—temperature regenerator 1008-1 to the low-temperature
absorber 1006-1 is provided at an upstream side, and the
high-temperature lean solution 1009-2 that 1s supplied from
the high-temperature regenerator 1008-2 to the high-

temperature absorber 1006-2 1s provided at a downstream

side. n addition, the coolers 1021-1 and 1021-2 are
provided interposing the low-temperature lean-solution
supply line 13-1 and the high-temperature lean-solution
supply line 13-2 in the coolling-water supply line 15.

[10043] In the cooler 1021-1, the cooling water 14 that

has not been used for heat exchange 1s used to perform heat
exchange to cool the low-temperature lean solution 1009-1
first, and then in the cooler 1021-2, the cooling water 14
whose temperature has 1ncreased as a result of the heat
exchange 1s used for heat exchange with the high-
temperature lean solution 1009-2 to be cooled.

(0044 ] As described above, by using the low-temperature

cooling water 14 that has not been heat exchanged 1s used

for the low-temperature absorbing solution 1005-1 having

inferior absorption property, and by using the cooling
water 14 whose temperature has 1ncreased for the high-
temperature absorbing solution 1005-2 having superior

absorption property, the low-temperature lean solution
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1009-1 and the high-temperature lean solution 1009-2 can be

efficiently cooled, respectively.
[0045] Moreover, the CO, reducing system 10B according

to the present embodiment has a saturated-steam supply-line

facility that feeds saturated steam 1030 that Warms up

respective low-temperature semi-lean solution 20-1 and
high-temperature semi-lean solution 20-2. While in the CO,
reducing system 10A shown 1in Fig. 1, the saturated steam
1030-1 and 1030-2 are 1ndependently fed to the low-
temperature CO,;-reducing apparatus 11-1 and the high-

temperature CO,-reducling apparatus 11-2, respectively, 1in

the CO, reducing system 10B according to the present

embodiment, this 1s continuocusly performed.

[0046] The saturated-steam supply-line facility 1s
formed by arranging the saturated-steam supply line 16 and

regeneration heaters 1014-1 and 1014-2 that i1nterpose the

lean-solution supply lines 1n the saturated-steam supply

line 1lo.

Specifically, as shown in Fig. 2, the saturated-steam
supply line 16 that feeds the saturated steam 1030 that
warms up the low—-temperature lean solution 1009-1 and the
high-temperature lean solution 1009-2 is provided, and the

low—-temperature lean solution 1009-1 that i1s supplied from

the low-temperature regenerator 1008-1 to the low-

temperature absorber 1006-1 1s provided at an upstream side,

and the high-temperature lean solution 1009-2 that is

supplied from the high-temperature regenerator 1008-2 to

the high-temperature absorber 1006-2 is provided at a
downstream side. In addition, the low-temperature
regeneration heater 1014-1 and the high-temperature
regeneration heater 1014-2 are provided interposing the
low-temperature lean-solution supply line 13-1 and the

high-temperature lean-solution supply line 13-2 in the
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saturated-steam supply line 16.

[0047] By heating the low-temperature lean solution
1009-1 and the high-temperature lean solution 1009-2 by
heat exchange with the saturated steam 1030 1in the low-
temperature regeneration heater 1014-1 and the high-
temperature regeneration heater 1014-2, the steam
consumption required for heating the low-temperature lean
solution 1009-1 and the high-temperature lean solution
1009-2 can be reduced, and heating can be efficiently

performed for each.

(0048 ] Furthermore, Fig. 3 1s a modification of the CO,
reducing system 10B according to the present embodiment

shown 1n Fig. 2. As shown 1n Fig. 3, 1n a CO, reducing

system 10C according to the present embodiment, the feeding

—

direction of the saturated steam 1030 is opposite to that

—

of the CO, reducing system 10B according to the present

embodiment shown in Fig. 2, and the saturated steam 1s fed
from the high-temperature lean solution 1009-2 side to the
low-temperature lean solution 1009-1 side.

[0049] The high-temperature saturated steam 1030 that

has not been used for heat exchange 1s used to heat the

high-temperature lean solution 1009-2 first 1n the high-

temperature regeneration heater 1014-2, and the saturated
steam 1030 whose temperature has decreased as a result of
the heat exchange 1s used to heat the low-temperature lean
solution 1009-1 1n the low-temperature regeneration heater

1014-1. Thus, the low-temperature lean solution 1009-1 and

the high-temperature lean solution 1009-2 can be

efficiently heated.

[0050] As described above, by using heat of the high-
temperature saturated steam 1030 for the high-temperature
absorbing solution 1005-2 having inferior dissipation

property, and by using heat of the saturated steam 1030
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whose temperature has decreased for the low-temperature
absorbing solution 1005-1 having superior dissipation
property, the heat exchange of the low-temperature
absorbing solution 1005-1 and the high-temperature
absorbing solution 1005-2 with the saturated steam 1030 can

P
o

be effectively performed.

[0051] Moreover, 1n the CO; reducing system 10C
accordilng to the present embodiment, a heat exchanger 1013-
3 that performs heat exchange on the high-temperature lean
solution 1009-2 and the low—-temperature rich solution 1007-
1, and a heat exchanger 1013-4 that performs heat exchange
on the low-temperature lean solution 1009-1 and the high-

temperature rich solution 1007-2 are provided.

[0052] By performing heat exchange even between the lean
solutions and the rich solutions that circulate 1n
separated systems such as the low-temperature CO,-reducing
apparatus 11-1 and the high-temperature CO,-reducing

#

apparatus 11-2, the heat exchange of the lean solutions and

the rich solutions that circulate 1n the same system can be
performed efficiently.

[0053] Further, Fig. 4 1s an example 1n which 2-
butylaminoethanol (BAE) 1s used as the low-temperature
absorbing solution 1005-1, and 2Z2-methylaminoethanol (MAE)
1s used as the high-temperature absorbing solution 1005-2
of the CO; reducing system 10C according to the present

P

embodiment shown 1n Fig. 3. The temperature of the low-

temperature rich solution 1007-1 that i1s discharged from

the low-temperature absorber 1006-1 is, for example, 50°C,
the temperature of the low-temperature rich solution 1007-1

that has been heat exchanged 1n the heat exchangers 1013-1

and 1013-3 and 1s fed to the low-temperature regenerator

1008-1 1s, for example, 95°C, the temperature of the low-

temperature lean solution 1009-1 that 1is discharged from
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the low-temperature regenerator 1008-1 1s, for example,

115°C, and the temperature of the low-temperature lean

solution 1009-1 that has been heat exchanged i1n the heat
exchanger 1013-4 and 1013-1 and has been cooled down by the

cooler 1021-1 to be fed to the low-temperature absorber

-

1006-1 1s,

for example, 40°C.

P

(0054 ] The temperature of the high-temperature rich

solution 1007-2 that is discharged from the high-

temperature absorber 1006-2 1s, for example, 55°C, the
temperature of the high-temperature rich solution 1007-2
that has been heat exchanged i1n the heat exchangers 1013-4

and 1013-2 and 1s fed to the high-temperature regenerator

1008-2 1s, for example, 105°C, the temperature of the high-

temperature lean solution 1009-2 that 1s discharged from

the high-temperature regenerator 1008-2 1s, for example,

125°C, and the temperature of the high-temperature lean
solution 1009-2 that has been heat exchanged i1n the heat
exchanger 1013-2 and 1013-3 and has been cooled by the

cooler 1021-2 to be fed to the high-temperature absorber

1006-2 1s, for example, 45°C.

[0055] When the CO, concentration in the provided flue

gas 1002 1s, for example, 10%, the CO, concentration 1n the

flue gas 1002 that has passed the low-temperature absorber

O

1006-1 1s, for example, 5%, and the CO, concentration in

the flue gas 1002 that has passed the high-temperature

absorber 1006-2 1s, for example, 0%.

[0056] As described above, according to the CO, reducing

P

system 10C of the present embodiment, different absorbing

solutions are clrculated 1n the respective independent

—

closed systems, the feeding direction of the cooling water

14 and the saturated steam 1030 1s determined depending on

the temperature dependency of the CO,
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absorption/dissipation of the respective absorbing
solutions, to perform heat exchange on the rich solutions
and the lean solutions that circulate 1n the CO, reducing

apparatuses with the cooling water 14 and the saturated

steam 1030, and further, heat exchange 1s performed between
the rich solutions and the lean solutions that circulate 1in

the same or different CO, reducing apparatus. Thus, 1t 1is

possible to bring out the most of the CO;

absorption/dissipation property dependent on the

F

temperature of the respective absorbing solutions. As a

result, the CO, absorption/dissipation can be performed

pr—
.

more e:

ficiently than the conventional CO; or H»S reducing

system that adopts the method of using two or more

different absorbing solutions mixed as shown 1n Fig. 8.

[0057] Moreover, because the CO, absorption/dissipation

can be efficiently performed corresponding to the

—

temperature dependency of the respective absorbing

solutions in a wide temperature range 1in the CO, reducing
systems 10A to 10C according to the present embodiment, the
saturated steam 1030 and the cooling water 14 that have
once been used for the CO, absorption and dissipation of

P

the respective absorbing sclutions can be effectively used,

and as a result, energy saving in the entire system can be

achieved.

[0058] Furthermore, 1n the CO; reducing systems 10A to

P

10C according to the present embodiment, waste of heat at

P
—

portions at which reaction does not advance sufficiently,

ﬁ

such as a high-temperature portion at the middle of the

low—-temperature absorber 1006-1 and the high-temperature

absorber 1006-2, and a low-temperature portion at the upper

”

of the low-temperature regenerator 1008-1 and the high-

temperature regenerator 1008-2, can be reduced.

[0059] Because a plurality of the low-temperature
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absorbing solution 1005-1 and the high-temperature
absorbing solution 1005-2 that differ in properties such as
absorption and dissipation of CO, or H;S depending on the
temperature of the absorbing solution are used, an
applicable range is wider than a single absorbing solution
by changing the ratio of solutions or the like, and 1t 1is
possible to match various conditions such as a condition
emphasizing on the cooling water and a condition
emphasizing on steam, or condition changes.

[0060] While in the CO, reducing systems 10A to 10C
according to the present embodiment, the low-temperature
absorbing solution 1005-1 is used for an flue gas with high
CO, concentration, and the high-temperature absorbing
solution 1005-2 is used for an flue gas with low CO;
concentration, the present invention 1s not limited thereto.

For example, the high-temperature absorbing solution 1005-2

can be used for an flue gas with high CO, concentration,
and the low-temperature absorbing solution 1005-1 can be

used for an flue gas with low CO, concentration so that CO,

included in the flue gas can be efficiently absorbed.
[0061] In a double solution process 1n which the low-
temperature absorbing solution 1005-1 and the high-
temperature absorbing solution 1005-2 are 1ndependently
circulated such as i1in the CO,; reducing systems 10A to 10C
according to the present embodiment, it 1s not limited to

—

use of heat of the saturated steam 1030 and the cooling

water 14, and heat exchange between two solutions of the

low—-temperature lean solution 1009-1 and the high-

temperature lean solution 1009-2, and the low-temperature

rich solution 1007-1 and the high-temperature rich solution

1007-2, and for example, a solution having high resistance

to NOy, SOx, oxygen, or smoke and dust can be arranged for

the low—-temperature absorbing solution 1005-1 at the
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upstream side on the side at which the flue gas 1002 1is

introduced.

[0062] Alternatively, at a downstream side on a side at
which the flue gas 1002 is discharged, an absorbing
solution having high absorption speed can be used, and at
the downstream side on the side at which the flue gas 1002
is discharged, an absorbing solution having low absorption
speed can be used.

[0063] Further, on the upstream side on the side at

which the flue gas 1is taken in, an absorbing solution
having low reaction heat can be circulated so that CO,; 1n
the flue gas is collected with the absorbing solution

having as much as possible low reaction heat and the

remaining CO, in the flue gas 1002 can be collected with an

absorbing solution having high absorption property, thereby

reducing the cost of combustion to generate steam requlred

for absorption and dissipation of CO, i1n the flue gas 1002
in the entire system.
[0064] While in the CO, reducing systems 10A to 10C

according to the present embodiment, a case that CO; 1n the

flue gas 1002 is reduced has been explained, the present
invention is not limited thereto, and flue gas i1ncluding
H>,S, or flue gas including both CO, and H;S can be processed.
[0065] Furthermore, the CO, reducing systems 10A to 10C
according to the present embodiment are not limited to an
apparatus used in a thermal power plant and the like, and
the CO, reducing systems 10A to 10C can be used such as 1n
an ammonla plant.

[00606] Moreover, 1in the CO, reducing systems 10A to 10C
according to the present embodiment, heat exchangers and

coolers can be provided appropriately so that heat

efficiency 1s i1mproved corresponding to such as the number

of CO, reducling apparatuses to be provided therein.
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[0067] [Second embodiment ]

A CO, reducing system according to a second embodiment

of the present invention i1s explained with reference to the
drawlings.

Fig. 5 is a schematic diagram showing the CO,; reducing
system according to the present embodiment 1n a simplified
manner. The CO, reducing system according to the present

embodiment has a substantially same configuration as the

CO, reducing systems according to the first embodiment

shown in Figs. 1 to 4, and therefore, like reference

numerals refer to like parts to those of the CO, reducing
systems according to the first embodiment shown in Figs. 1

to 4, and duplicated explanations thereof will be omitted.

[0068] AS shown in Fig. 5, a CO,; reducing system 10D
according to the present embodiment has a low-temperature
semi-lean-solution heat exchanger 21-1 and a high-
temperature semi-lean-solution heat exchanger 21-2 that
heat the low-temperature semi-lean solution 20-1 and the

high-temperature semi-lean solution 20-2 that are extracted

from the middle of the low-temperature regenerator 1008-1
and the high-temperature regenerator 1008-2 in CO; reducing

systems 10A to 10C according to the first present

embodiment shown in Figs. 1 to 4 and from which CO; has
been partially removed with the low-temperature lean
solution 1009-1 and the high-temperature lean solution
1009-2 that are discharged from the low-temperature
regenerator 1008-1 and the high-temperature regenerator
1008-2, respectively. The low-temperature semi-lean-
solution heat exchanger 21-1 and the high-temperature semi-
lean-solution heat exchanger 21-2 are interposed 1n the
low—-temperature lean-solution supply line 13-1 and the
high-temperature lean-solution supply line 13-2,

respectively.
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[0069] By heating the low-temperature semi-lean solution
20-1 and the high-temperature semi-lean solution 20-2 that

are extracted from the low-temperature regenerator 1008-1

and the high-temperature regenerator 1008-2 by heat

exchange with the low-temperature lean solution 1009-1 and
the high-temperature lean solution 1009-2, respectively 1n
the low-temperature semi-lean-solution heat exchanger 21-1
and the high-temperature semi-lean-solution heat exchanger

— —

21-2, dissipation of CO, of the low-temperature semli-lean

solution 20-1 and the high-temperature semi-lean solution

P
P

20-2 can be effectively achieved.

[0070] Fig. 6 is an example in which 2-butylaminocethanol

(BAE) is used as the low-temperature absorbing solution
1005-1 of the CO, reducing system 10D according to the

present embodiment shown 1in Fig. 5, and 2Z-

J

methylaminoethanol (MAE) 1s used as the high-temperature
absorbing solution 1005-2. The temperature of the low-

temperature rich solution 1007-1 that 1s discharged from

the low-temperature absorber 1006-1 is, for example, 50°C,
the temperature of the low-temperature rich solution 100/-1
that has been heat exchanged in the heat exchangers 1013-1

and 1013-3 and 1s fed to the low—-temperature regenerator

gp—

1008-1 is, for example, 85°C, the temperature of the low-

temperature semi-lean solution 20-1 that 1s extracted from

the middle of the low-temperature regenerator 1008-1 1s,

for example, 95°C, the temperature of the low-temperature
semi-lean solution 20-1 that 1s heat exchanged by the low-
temperature semi-lean-solution heat exchanger 21-1 and 1is

fed to the low-temperature regenerator 1008-1 1s, for

example, 105°C, the temperature of the low-temperature lean

solution 1009-1 that 1s discharged from the low-temperature

regenerator 1008-1 is, for example, 115°C, and the
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g

temperature of the low-temperature lean solution 1009-1

that has been heat exchanged in the heat exchanger 1013-4
and 1013-1 and has been cooled by the cooler 1021-1 to be

fed to the low-temperature absorber 1006-1 1s, for example,

40°C.

[0071] Moreover, the temperature of the high-temperature

rich solution 1007-2 that is discharged from the high-

temperature absorber 1006-2 is, for example, 55°C, the
temperature of the high-temperature rich solution 1007-Z2
that has been heat exchanged in the heat exchangers 1013-4

and 1013-2 and is fed to the high-temperature regenerator

1008-2 is, for example, 95°C, the temperature of the high-

temperature semi-lean solution 20-2 that 1s extracted from

the middle of the high-temperature regenerator 1008-2 1is,

for example, 105°C, the temperature of the high-temperature
semi-lean solution 20-2 that is heat exchanged by the high-
temperature semi-lean-solution heat exchanger 21-2 and 1s

fed to the low-temperature regenerator 1008-2 1s, for

F

example, 115°C, the temperature of the high-temperature

lean solution 1009-2 that is discharged from the high-

temperature regenerator 1008-2 is, for example, 125°C, and

—

the temperature of the high-temperature lean solution 1009-

?2 that has been heat exchanged in the heat exchanger 1013-2
and 1013-3 and has been cooled by the cooler 1021-2 to be

fed to the high-temperature absorber 1006-2 1s, for example,
45°C.

[0072] When the CO, concentration of the provided flue

gas 1002 is, for example, 10%, the CO, concentration of the

flue gas 1002 that has passed through the low-temperature

absorber 1006-1 1s, for example, 5%, and the CO;
concentration of the flue gas 1002 that has passed the

high-temperature absorber 1006-2 1s, for example 05%.
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[0073] As described above, according to the CO, reducing

system 10D of the present embodiment, the low-temperature
seml-lean solution 20-1 and the high-temperature semi-lean
solution 20-2 are heat exchanged with the low-temperature
lean solution 1009-1 and the high-temperature lean solution
1009-2, respectively, thereby improving the dissipation of

CO, 1n the low-temperature semi-lean solution 20-1 and the

high-temperature semi-lean solution 20-2. In addition, the
low—-temperature lean solution 1009-1 and the high-
temperature lean solution 1009-2 that are fed to the low-

temperature absorber 1006-1 and the high-temperature

absorber 1006-2, respectively, can be cooled. Therefore,

heat exchange can be effectively achieved.

Examples
(0074 ] Examples that describe effects of the present
invention are explained below. The present invention is

not limited to the Examples.

L0075] In the present example, 40wt% of 2-
methylaminoethanol (MAE) was used as a high-temperature
absorbing solution that absorbs CO, and i1s regenerated at a
high temperature used in the CO, reducing system 10C

according to the present embodiment as shown in Fig. 3, and

20wtz of 2-butylaminoethanol (BAE) was used as a low-

temperature absorbing solution that absorbs CO, and is

regenerated at a low temperature.

Moreover, 1n the present example, flue gas including

10% of CO,; was used as the flue gas.

Relation between an absorption temperature of 40wt%

MAE, 50wt% BAE that are used as absorbing solutions in the
present example and an absorbing amount of CO, from the

flue gas 1s shown in Fig. 7.

10076] As shown in Fig. 7, 1t was found that 40wt$%$ MAE

can absorb approximately 2.81 mol COx/kg(s) of CO, when the
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absorption temperature is 40°C. Accordingly, 1t was

confirmed that it is an advantageous absorbing solution to

reduce a circulating amount for a unit CO, that circulates

in the system by regenerating at a high temperature equal
to or higher than 120°C and by dissipating most of absorbed
COs,.

10077] Furthermore, it was found that 40wt% MAE can

absorb approximately 2.75 mol COy/kg(s) of CO, when the

absorption temperature is 50°C. The difference in CO»,

absorbing amount from 40wt% MAE at 40°C is only 2.81 mol

CO./kg(s) — 2.75 mol COyx/kg(s) = 0.06 mol COxkg(s), and 1t

F

was confirmed that even if the cooling water 1s reduced at

the time of cooling 40wt% MAE with the cooling water and

the absorption temperature increases to, for example, 50°C,

influence of the reduction of the cooling water 1s small.

1s a

L*]

From this result, it was confirmed that 40wts MA

solution that exerts high CO, absorption property at a high

temperature.

[0078] It was also found that 40wt$% MAE can absorb

approximately 1.92 mol COy/kg(s) of CO, when the absorption
temperature is 80°C. Therefore, when the absorption
temperature of 40wt% MAE in the absorber 1is, for example,

40°C, and the solution temperature of the 40wt% MAE 1n the

L+

regenerator is, for example, 80°C, the amount of CO; that

can be dissipated from the 40wt% MAE in the regenerator 1is

2.81 mol COy/kg(s) — 1.92 mol COy/kg(s) = 0.89 mol COx/kg (s) .

At this time, a change in the partial pressure of CO,

F

at the time of absorption - regeneration of 40wt% MAE 1is

not taken into consideration.

[0079] Therefore, it was found that when the solution

P

temperature of 40wt% MAE in the regenerator 1s, for example,
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80°C, the CO, dissipating amount is only approximately 0.89

mol CO,/kg(s). From this finding, it was confirmed that the

g—

solution temperature of 40wt% MAE is required to be high to

dissipate most of CO, that is absorbed by 40wt% MAE, and

40wt% MAE is a solution that exerts high CO; dissipation

property at a high temperature.

Therefore, it was confirmed that 40wt% MAE 1s a
solution that exerts high CO, absorption/dissipation
property at a high temperature, and can be used as a high-
temperature absorbing solution.

0080 ] Furthermore, it was found that 50wtz BAE can

absorb approximately 2.11 mol COy/kg(s) of CO, when the

absorption temperature is 40°C. Moreover, it was found

that 50wt$% BAE can absorb approximately 1.90 mol COy/kg(s)

of CO, when the absorption temperature 1s 50°C. The

+l

difference in CO, absorbing amount from 50wt% BAE at 40°C

is 2.11 mol COy/kg(s) — 1.90 mol COy/kg(s) = 0.21 mol

CO,/kg(s). Therefore, it was confirmed that 1f 50wts BAE

is used as an absorbing solution, 50wt% BAE 1is required to

be cooled to 40°C to increase the CO,; absorbing amount.

From this finding, it was confirmed that 50wt% BAE 1s a
solution that exerts high CO, absorption property at a low

temperature.

[0081] Moreover, it was found that 50wt% BAE can absorb

gr—

approximately 0.72 mol COy/kg(s) of CO, when the absorption

g
e

temperature is 80°C. When the absorption temperature O:

the 50wt% BAE in the absorber is, for example 40°C, and the

solution temperature of 50wt% BAE in the regenerator 1is,

—

for example, 80°C, the amount of CO; that can be dissipated

from the 50wt% BAE in the regenerator is 2.11 mol COy/kg(s)

— 0.72 mol COy/kg(s) = 1.39 mol CO,/kg(s).
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At this time, a change in the partial pressure of CO,

P

at the time of absorption - regeneration of 50wt? BAE 1s

not taken i1nto consideration.

0082 ] Therefore, it was found that when the solution

5 temperature of 50wt% BAE in the regenerator is, for example,

80°C, the CO, dissipating amount is approximately 1.39 mol

CO,/kg(s). From this finding, it was confirmed that to

dissipate most of CO, that i1s absorbed by 50wt?¥ BAE, the

solution temperature of 50wt% BAE can be about 80°C, and

10 heat of about 80°C that has been conventionally wasted can

also be effectively used.

Therefore, it was confirmed that 50wt% BAE 1s a
solution that exerts high CO, absorption/dissipation
property at a low temperature, and can be used as a low-

15 temperature absorbing solution.
(0083] While in the present example, the case that CO;
in flue gas is absorbed and reduced has been explained, the
present invention 1s not limited thereto, and flue gas

including another substance such as H,S can be used.

20 INDUSTRIAL APPLICABILITY

10084 ] As described above, the CO, or H;S reducing

system and the method according to the present 1nvention 1s

suitable for further improving CO, and/or H,S absorption

efficiency by absorbing CO, and/or H,;S in flue gas using a
25 plurality of different kinds of absorbing solutions
independently.
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CLAIMS

1. A CO, or HS reducing system comprilsing at least two

CO, or H,S reducing apparatuses each of which i1ncludes an

absorber that reduces at least one of CO; and HyS by

bringing a provided flue gas including at least one of CO;

and H;S i1nto contact with an absorbing solution, a
regenerator that regenerates a rich solution that has
absorbed at least one of C0O, and H»S, a rich-solution
supply line that feeds the rich solution from the absorber

to the regenerator, and a lean-solution supply line that

feeds a lean solution from which at least one of C0O, and

H,S are reduced 1n the regenerator, from the regenerator to

the absorber, wherein

the absorbing solution absorbs at least one of CO, and

gr—

H>S and 1s regenerated depending on a temperature of the

absorbing solution, different kinds of absorbing solutions

are provided 1ndependently to the respective CO, or H,S

reducing apparatuses, and the flue gas 1s fed continuously
in an order of a low-temperature absorbing solution on a

low temperature side to a high-temperature absorbing

solution on a high temperature side out of the different

kinds of absorbing solutions.

2 . The CO,; or HyS reducing system according to claim 1,

further comprising a cooling-water supply-line facility
that supplilies a cooling water to cool the respective lean

solutions, whereiln

out of lean solutions that are supplied from the
regenerator to the absorber, a lean solution having a high
temperature 1s arranged at an upstream side and a lean

solution having a low temperature 1s arranged on a

downstream side.
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3. The CO, or H»;S reducing system according to claim 1,

i

further comprising a saturated-steam supply-line facility
that supplies saturated steam to warm the respective lean

solutions, wherein

out of lean solutions that are supplied from the
regenerator to the absorber, a lean solution having a high
temperature 1is arranged at an upstream side and a lean
solution having a low temperature 1s arranged at a

downstream side.

4 . The CO, or H;S reducing system according to claim 1,

further comprising at least two heat exchanger that perform
heat exchange between the lean solution and the rich

solution, the lean solution and the rich solution

circulating in an identical apparatus or 1n different

P

apparatuses out of the CO, or H,S reducing apparatuses.

5. The CO, or H,S reducing system according to claim 1,
further comprising at least one semi-lean-solution heat

exchanger that 1s 1nterposed 1n the lean-solution supply

line and that warms a semi-lean solution that is extracted

from middle of the regenerator, and from which a part of at

least one of CO, and H;S 1s removed, wilith the lean solution

that 1s discharged from the regenerator.

6. A method of reducing CO, or H;S, wherein

flue gas i1ncluding at least one of CO, and H;S 1s fed

to a low-temperature absorber, to which a low-temperature

1

absorbing solution on a low-temperature side out of a

plurality of different kinds of absorbing solutions 1is

.

provided, to reduce at least one of CO, and H;S in the flue

gas by the low-temperature absorbing solution, and then

the flue gas 1s continuously fed to a high-temperature
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absorber, to which a high-temperature absorbing solution on
a high-temperature side 1s provided, to further reduce at
least one of CO, and H»S 1n the flue gas that has not been
removed by the low-temperature absorbing solution, with the

high-temperature absorbing solution.

7. The method of reducing CO, or H,S according to claim 6,
wherein

the low-temperature absorbing solution that 1is
provided to the low-temperature absorber 1s cooled by a

cooling water, to reduce at least one of CO, and HyS 1n the

flue gas by the cooled low-temperature absorbing solution,
and then

the high-temperature absorbing solution that 1s
provided to the high-temperature absorber 1s further cooled
using the cooling water that has been heat exchanged with
the low—-temperature absorbing solution, to further reduce

—

at least one of CO, and H,S that has not been removed by

the low-temperature absorbing solution, with the high-

temperature absorbing solution.

8. The method of reducing CO, or H,S according to claim 6,
wherein

a high-temperature lean solution that is collected
near a bottom of a high-temperature regenerator that
regenerates a high-temperature rich solution that has
absorbed at least one of CO, and H;S 1n the high-
temperature absorber 1s extracted to outside to be heat

exchanged with saturated steam, and the warmed high-

temperature lean solution 1s fed to the high-temperature

absorber as a high-temperature absorbing solution,

a low-temperature lean solution that 1s collected near

a bottom of a low-temperature regenerator 1s extracted to
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outside to be heat exchanged with the saturated steam that
has been heat exchanged with the high-temperature lean

solution, and the warmed low-temperature lean solution 1is

fed to the low-temperature absorber as a low—-temperature
absorbing solution, and
at least one of CO; and H,S in the flue gas are

reduced by the low-temperature absorbing solution, and at

least one of CO, and H»S that has not been removed by the
low—-temperature absorbing solution 1s further reduced by

the high-temperature absorbing solution.

9. The method of reducing CO,; or H,S according to claim 6,

wherein the lean solutions that are discharged from the

respective regenerators are heat exchanged using at least

-

one of the rich solutions circulating in an identical

g

apparatus or a different apparatus out of the CO, or H,S

reducing apparatuses, and the heat exchanged lean solutions

are provided to the respective absorbers to reduce at least

gp—

one of CO, and H»S 1n the flue gas.

10. The method of reducing CO, or H;S according to claim 6,

wherein after heat exchanging a semi-lean solution that is

extracted from middle of the regenerator and from which a

part of CO; 1s removed with the lean solution that is

discharged from the regenerator, the lean solution is
provided to the absorber to reduce at least one of CO, and

H>S 1n the flue gas.
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