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(57) Abregeé/Abstract:
A CO, recovery device according to one embodiment includes a cooling tower including a cooling unit for bringing flue gas, which

contains CO,, Into contact with water so as to cool flue gas; a CO,-absorbing unit for bringing flue gas into contact with a CO,
absorbent (lean solution) so as to remove CO, from flue gas; and a regenerator including an absorbent regenerating unit for
releasing CO,, from a rich solution so as to regenerate the CO,, absorbent. The CO,-absorbing unitincludes: a cocurrent flow CO,
-absorbing unit provided in a cocurrent flow CO,, absorber, for bringing flue gas into contact with the CO,, absorbent in a cocurrent
flow so as to remove CO, from flue gas and a countercurrent CO,-absorbing unit provided in a CO,, absorber, for bringing flue gas
Into contact with the CO,, absorbent in a countercurrent flow so as to remove CO,, from flue gas.
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ABSTRACT

A CO; recovery device according to one embodiment
includes a cooling tower including a cooling unit for .bringing
flue gas, which contains CO,, into contact with water so as to

cool flue gas; a COz;-absorbing unit for bringing flue gas into

contact with a CO, absorbent (lean solution) so as to remove
CO, from flue gas; and a regenerator including an absorbent
regenerating unit for releasing CO; from a rich solution so as
to 'r'egen'erate the CO, absorbent. ' The COg—absorbirjg unit |
1ncludes: a cocurrent flow CO,-absorbing unit provided' in a
cocurfent flow CQ, absorber, for bringing flue gas into contact
with the CO, absorbent in a cocurrent flow so as to remove CO,
from flue gas and 'a countercurrent CO,-absorbing unit provided
in a CO; absorber, for bringing flue gas into contact with the
CO, absorbent in a countercurrent flow so as to remove CO; from

flue gas.
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DESCRIPTION
CO, RECOVERY DEVICE‘
Field
[OOQ1] The present invention relates to a CO, recovery

5 device that absorbs C0O, contained in flue gas.

Background

[0002] Flue gas, which 1s generated through the combustibn
of fossil fuel in a boiler of a thermoelectric power'plant or
the like using a large amount of fossil fuel, containsg CO;. A .
10 method of removing and recovering CO,;, which 1is contained in

flue gas,_ by bringing flue gas, which contains CO,, into gas-
liquid contact with an amine-based CO, absorbent in a CO;
absorber so that (502 is absorbed in the CO, absorbent, and a
method of storing the recovered CO; without releasing the

19 recovered CO, into the atmosphere have been energetically

Studied.

[0003] For example, there 1s used a method of making thé CO»

absorbent absorb CO,, which 1s contained in the flue gas, 1n

the CO, absorber to remove CO; from the flue gas, regenerating
20 the CO, absorbent by reléasing CO2, which 1s absorbed 1in the
CO, .absorbent, in a regenerator, and reusing the CO- 'absorbent
to remove CO, from flue gas by circulating the CO; absorbent 1in
the CO, absorber 'a.gain (for example, see Patent Literature 1).
In this case, the CO, absorbent absorbing CO, releases CO, by

25 being heated with steam in the regenerator. As a result,

highly-pure CO; 1is recovered.
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Citation List
Patent Literature
10004 ] Patent Literature 1l: Japanese Laid—open‘Pafeht
Publication NO. 2008-62165
Summary
[0005] Since a CO; recovery device, which uses a method of

abSdrbing, removing, and recovering CO; from gas, which
contains CO;, such as flue gas, by using a CO; absorberit, is
additionally installed on a combustion facility, the operating
cost of the CO, recovery device should be reduced as much as

possible. 1In particular, much thermal energy is consumed for

th

2Py,

e release of CO; 1n a regenerator of the CO, recovery device.
Further, if the consumption of the CO, absorbent is large, the
amount of a CO;, absorbent to be additionally suppiied ks
increased. Acco:dingiy, the increase of operating cost,isi

caused.

[0006] For this reason, there is demanded a CO, recovery
device that improves CO, recovery efficiency, reduces the

consumption of the CO; absorbent, and reduces operating cost

when recovering CO; from the flue gas.

[0007] Some embodiments of the invention have been made in
consideration of the above-mentioned circumstances, and some
embodiments of the invention may provide a CO, recovery device
that efficiently recovefs CO2, reduces the consumption of a CO,

absorbent, and reduces operating cost.
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[0008] According to a first aspect of the present‘invéntion{
there is provided a CO, recovery device including: a cooling
unit for bringing .flue gas, which contains CO,, 1nto contact

with water so as to cool the flue gas;

5 a CO,-absorbing unit for bringing the flue gas into
contact with a CO; absorbent absorbing CO, so as to remove CO;

from the flue gas; and

an absorbent regenerating unit for releasing CO; from
the CO, absorbent having absorbed CO, so as to regenerate the

10 CO, absorbent, wherein

tﬁma(Xb—absorbing unit includes:
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at least one countercurrent CO,—absorbing unit for

bringing the flue gas into contact with the CO, absorbent

in a countercurrent flow so as to remove CO, from the flue

gas; and

F

at least one cocurrent flow CO,-absorbing unit for

bringing the flue gas into contact with the CO; absorbent

in a cocurrent flow so as to remove CO, from the flue gas.

[0009] According to a second aspect of the present

invention, there is provided the CO, recovery device

according to the first aspect, wherein the CO, absorbent
having absorbed CO, is cooled in the CO,-absorbing unit,
and is supplied to the CO,-absorbing unit agailn.

P

[0010] According to a third aspect of the present

invention, there is provided the CO, recovery device

according to the first or second aspect, whereiln the

cocurrent flow COs—-absorbing unit 1s provided on the most

P

upstream side in a flow direction of the flue gas.

pre——

(0011] According to a fourth aspect of the present

invention, there i1s provided the CO, recovery device

pat

according to any one of the first to third aspects, whereiln

the countercurrent CO,-absorbing unit 1s provided on the

P

most upstream side in the flow direction of the flue gas.

P

[0012] According to a fifth aspect of the present

invention, there Is provided the CO, recovery device

according to any one of the first to fourth aspects,

wherein at least one of the countercurrent CO,-absorbing

unit and the cocurrent flow CO,—-absorbing unit, which are

included in the CO;—-absorbing unit, 1s provided 1n a CO;

absorber for bringing the flue gas into contact with the

CO, absorbent so as to remove CO, from the flue gas, and

the cocurrent flow CO,-absorbing unit 1s provided between
the cooling unit and the CO, absorber.

[0013] According to a sixth aspect of the present
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invention, there 1s provided the CO, recovery device according

to any one of the first to fifth aspects, wherein at least one

of the countercurrent CO,-absorbing unit and the cocurrent flow

D

COz—absorbing unit, which are 1ncluded 1in the CO,—-absorbing

unit, 1s provided in the CO, absorber for bringing the flue gas

into contact with the CO, absorbent so as to remove CO, from

the flue gas, and the countercurrent COy;-absorbing unit 1is

provided between the cooling unit and the CO, absorber.

(0014 ] According to a seventh aspect: of the present
invention, there 1s provided the CO, recovery device according

to any one of the first to sixth. aspects, wherein the cooling

e

unlt 1s provided 1n a cooling tower for bringing the flue gas

into contact with water so as to cool the flue gas, and the

countercurrent COz;-absorbing unit 1s provided 1in the cooling

Lower.

[0014a] According to one aspect of the present invention,

there is provided a CO, recovery device comprising: a cooling

tower 1ncluding a cooling unit for bringing the flue gas, which

contains CO;, 1nto contact with water so as to cool flue gas; a

CO, absorber 1ncluding a COz—-absorbing unit for bringing the

flue gas into contact with a CO, absorbent absorbing CO» sO as

to remove CO, from the flue gas; and a regenerator including an

absorbent regenerating unit for releasing CO, from a rich
solution so as to regenerate the CO, absorbent as a lean

solution, the rich solution being the CO, absorbent having

absorbed CO; and the lean solution being reused in the CO»>-

absorbing unit; wherein the CO, recovery device further

comprising: at least one countercurrent CO,-absorbing unit for

pbringing the flue gas into contact with the CO, absorbent in a

countercurrent flow so as to remove CO, from the flue gas, the
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at least one countercurrent CO,-absorbing unit being provided

in the CO, absorber; a cocurrent flow CO, absorber including at

least one cocurrent flow CO;-absorbing unit for bringing the

flue gas into contact with the CO, absorbent in a cocurrent

flow so as to remove CO; from the flue gas, the cocurrent flow
CO, absorber being provided upstream of the CO, absorber; a
semi-rich solution extraction line for supplying a semi-rich
solution to a flue gas introduction side of the at least one
cocurrent flow CO,-absorbing unit, the semi-rich solution being
a solution that has absorbed CO, and 1s stored 1n a bottom of
at least one countercurrent CO,-absorbing unit; and a rich
solution feed line for supplying a rich solution to the
regenerator, the rich solution being stored in a bottom of the

cocurrent flow CO, absorber.

[0014Db] According to another aspect of the present invention,
there is provided a CO, recovery device comprising: a cooling
tower including a cooling unit for bringing the flue gas, which
contains CO,, into contact with water so as to cool flue gas; a
CO, absorber including a COg—a’bsorbing unit for bringing the
flue gas into contact with a CO, absorbent absorbing CO; so as
to remove CO, from the flue gas; and a regenerator including an
absorbent regenerating unit for releasing CO; from a rich
solution so as to regenerate the CO, absorbent as a lean
solution, the rich soluti.on being the CO, absorbent having
absorbed C0O, and the lean s'olu't'ion being reused in the CO;-
absorbing unit; wherein the CO; recovery device further
comprising: at least one countercurrent CO;-absorbing unit for

bringing the flue gas into contact with the CO,; absorbent in a

countercurrent flow so as to remove CO, from the flue gas, the

at least one countercurrent CO;-absorbing unit being provided
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~in the CO, absorber; a cocurrent flow CO, absorber including at

least one cocurrent flow COz—-absorbing unit for bringing the

flue gas into contact with the CO, absorbent in a cocurrent

flow so as to remove CO; from the flue gas, the cocurrent flow

CO, absorber being provided upstream of the CO, absorber; a

semi-rich solution extraction line for supplying a semi-rich

P

solution to a flue gas introduction side of the at least one

cocurrent flow CO,-absorbing unit, the semi-rich solution being
a solution that has absorbed CO, and is stored in a bottom of
at least one countercurrent CO,—-absorbing unit; a
countercurrent COz-absorbing unit for bringing the flue gas
into contact with the CO, absorbent in a countercurrent flow so
as to remove CO; from the flue gas, the countercurrent CO,-

' and

apsorbing unit being provided on downstream side of the cooling

unit in the cooling tower; a rich solution feed line for
supplying a rich solution to a top side of the countercurrent
COz-absorbing unit i1n the cooling tower, the rich solution
being a solution that has absorbed CO, in the at least one
cocurrent flow COy-absorbing unit and is stored in a bottom of

the at least one cocurrent flow COy,-absorbing unit; and a rich

solution feed line for supplying a rich solution to the
regenerator, the rich solution being a solution that has
absorbed in the countercurrent CO,-absorbing unit and stored in

a receiving unit of the countercurrent CO;-absorbing unit.

[0015] According to the CO; recovery device of some
empbodiments of the 1nvention, 1t may be possible to efficiently

recover CO,, to reduce the consumption of a CO, absorbent, and

to reduce operating cost.

Brief Description of Drawings
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[0016] FIG. 1 is a diagram simply illustrating the structure

first embodiment of the

of a CO, recovery device according to a

invention.

FIG. 2 1is a diagram simply i1llustrating another

5 structure of the CO, recovery device according to the first

embodiment of the invention.

1

FIG. 3 is a diagram simply illustrating a part of the

- a CO, recovery device according to a second

structure o:

embodiment of the i1nvention.

10 FIG. 4 1s a diagram 1llustrating a relation between

—

the fi1lling height of a cocurrent flow CO,-absorbing unit
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)

P

of a cocurrent flow CO, absorber and the reduction rate ot

the amount of steam that i1s consumed by a reboiller.

FIG. 5 i1s a diagram illustrating a relation between a

P

reflux ratio of a semi-rich solution where a semi-rich

solution is circulated again 1n the cocurrent flow CO;

P

absorber and the reduction rate of the amount of steam that

is consumed by the reboiler.

FIG. 6 1s a diagram 1llustrating a relation between a

P

cross—-section ratio of the cocurrent flow CO, absorber and

o -

the reduction rate of the amount of steam that 1s consumed

by the reboller.

FIG. 7 is a diagram illustrating a relation between a

case where a cross-section ratio (S1/S2) of the cocurrent

Flow CO,~absorbing unit and the filling height of the

cocurrent flow COz—-absorbing unit are changed, and the

P

reduction rate of the amount of steam that 1s consumed by

the reboiler.

FIG. 8 1s a diagram 1llustrating a relation between

the filling height of the cocurrent flow CO,-absorbing unit

of the cocurrent flow CO, absorber and the reduction rate

of the amount of steam that i1s consumed by the reboller.

FIG. 9 is a diagram illustrating a relatlon between

the filling height of a countercurrent CO,-absorbing unit

—

and the reduction rate of the amount of steam that 1s

consumed by the reboiler.

Description of Embodiments
[0017] The i1nvention will be described 1n detail below

with reference to the drawings. Meanwhile, the invention

is not limited by the following forms that embody the

invention (hereinafter, referred to as embodiments).

Further, components of the following embodiments 1include
components that can be easily supposed by those skilled 1in

the art and substantially the same components, that 1is,
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components corresponding to a so-called equivalent range.
Furthermore, components disclosed in the following
embodiments may be appropriately combined with each other.

[0018] [First embodiment ]

A CO, recovery device according to a first embodiment

of the invention will be described with reference to the

drawings. FIG. 1 is a diagram simply illustrating the

P

structure of a CO, recovery device according to the first

ﬁ

the invention. As illustrated in FIG. 1, the

embodiment o

CO, recovery device 10 according to this embodiment
includes a cooling unit 11, a COp-absorbing unit 12, and an

absorbent regenerating unit 13. The cooling unit 11 cools

flue gas 14A by bringing the flue gas 14A containing COj
into contact with water 15, and is provided 1n a cooling

tower 16. Further, the CO,-absorbing unit 12 removes CO;

1

from flue gas 14B by bringing the flue gas 14B 1nto contact

with a CO, absorbent (lean solution) 17 which absorbs CO;.

In this embodiment, the CO;-absorbing unit 12 1ncludes a

cocurrent flow CO;-absorbing unit 19 that removes CO; from

the flue gas 14B by bringing the flue gas 14B 1nto contact

with a CO, absorbent (semi-rich solution) 24, which has

absorbed CO,, 1n a cocurrent flow, and a countercurrent

CO,—-absorbing unit 20 that removes CO; from flue gas 14C by
bringing the flue gas 14C into contact with the CO;

absorbent 17 in a countercurrent flow. Furthermore, the
absorbent regenerating unit 13 regenerates the CO;

absorbent 17 by releasing CO, from a rich solution 18, and

is provided in an absorbent regenerator (hereinafter,

referred to as a regenerator) Z21.

[0019] In this embodiment, the cocurrent flow COp-

absorbing unit 19 i1s provided in a cocurrent flow CO;
absorber 22 and the countercurrent CO,-absorbing unit 20 1s

provided in a CO, absorber 23.
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[0020] In this embodiment, the CO,—absorbing unit 12

includes one cocurrent flow CO,—-absorbing unit 19 and one

countercurrent CO,-absorbing unit 20. However, the CO;-

P

absorbing unit 12 may include a plurality of cocurrent flow

CO,-absorbing units 19 and one countercurrent COz;-absorbing

unit 20, may include one cocurrent flow COz-absorbing unit

P

19 and a plurality of countercurrent CO;-absorbing units 20,

or may include a plurality of cocurrent flow CO,-absorbing

F

units 19 and a plurality of countercurrent CO;-absorbing

units Z20.

10021] In the CO, recovery device 10, the CO, absorbent

17, which absorbs CO, contained in the flue gas 14A,

circulates among the cocurrent flow CO, absorber 22, the

CO, absorber 23, and the regenerator 21 (hereinafter,

referred to as “in a system”). In this embodiment, the

rich solution 18, which has absorbed CO, contained i1n the

flue gas 14B, is fed to the regenerator 21 from the

cocurrent flow CO, absorber 22. The CO, absorbent (lean

solution) 17, which is regenerated by removing almost all

o

of CO, from the rich solution 18 in the regenerator 21, 1s

fed to the CO, absorber 23 from the regenerator 21. The

CO, absorbent (semi-rich solution) 24, which has absorbed

CO, remaining in the flue gas 14C, 1s fed to the cocurrent

flow CO», absorber 22 from the CO, absorber 23.

[0022] The flue gas 14A 1s gas that contains CO;

discharged from industrial equipment, such as a boller or a

P

gas turbine. After the pressure of the flue gas 14A 1s

increased by a flue gas blower or the like, the flue gas
14A is sent to the cooling tower 1lo.

[0023] The cooling tower 16 1s a tower that cools the

flue gas 14A by water 15. The cooling tower 16 1ncludes
spray nozzles 26 that spray the water 15 1nto the tower,

and a cooling unit 11. The flue gas 14A 1s cooled by
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coming into counterflow contact with the water 15 sprayed

*

from the spray nozzles 26 in the cooling unit 11 of the

cooling tower 10.

(0024 ] The water 15 of which the temperature has become

high by the heat exchange between the water 15 and the flue

gas 14A is stored in the bottom of the cooling tower 1lo.

pre—

The water 15 stored in the bottom of the cooling tower 16

g

is extracted from the bottom of the cooling tower 16, and

is cooled by exchanging heat with cooling water 28 1n a
cooler 27. Then, the water 15 is fed to the cooling tower

16. Accordingly, the water 15 is circulated and used to

cool the flue gas 14A.

[0025] The cooled flue gas 14B is discharged from the

cooling tower 16 through a flue gas duct 29 that connects

the cooling tower 16 to the CO; absorber 23, and 1s fed to
the CO,-absorbing unit 12.
[00206] As described above, the CO,-absorbing unit 12

includes the cocurrent flow CO,—absorbing unit 19 and the

countercurrent CO,-absorbing unit 20. The flue gas 14B 1s

fed to the cocurrent flow CO, absorber 22 including the

cocurrent flow CO,-absorbing unit 19 and the CO, absorber
23 including the countercurrent COz;-absorbing unit 20 1n

this order.

[0027] The cocurrent flow CO, absorber 22 1s provided

between the cooling tower 16 including the cooling unit 11

and the C0O, absorber 23. In this embodiment, the cocurrent
flow CO, absorber 22 including the cocurrent flow COjp-

absorbing unit 19 is provided on the most upstream side 1n

the flow direction of the flue gas 14B flowing 1n the CO;-

absorbing unit 12. The flue gas 14B discharged from the
cooling tower 16 is fed to the cocurrent flow CO, absorber

22 through the flue gas duct 29.

(0028] The cocurrent flow CO, absorber 22 is a tower
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that removes CO, from the flue gas 14B by bringing the flue

gas 14B into contact with the semi-rich solution 24, which

is discharged from the CO, absorber 23, 1n a cocurrent flow.

The cocurrent flow CO, absorber 22 i1ncludes spray nozzles

31 and the cocurrent flow COz;-absorbing unit 19 that are

provided in the tower. The spray nozzles 31 spray the

semi-rich solution 24 downward. After the semi-rich

solution 24 is discharged from the CO, absorber 23 through
a semi-rich solution extraction line 32 and 1s cooled by

exchanging heat with cooling water 34 1n a cooler 33, the

semi-rich solution 24 is fed to the cocurrent flow CO;

absorber 22. Further, the flue gas 14B 1s supplied from

the top of the cocurrent flow CO, absorber 22, and flows 1n
the tower toward the bottom of the tower.

[0029] Accordingly, since the semi-rich solution 24 1s

cooled before being supplied into the cocurrent flow CO;

absorber 22, the semi-rich solution 24 can further absorb

CO,, which is contained in the flue gas 14B, 1n the

cocurrent flow CO, absorber 22. Therefore, 1t 1s possible

to increase the concentration of CO, contained in the rich

F

solution 18 that 1s stored in the bottom of the cocurrent

flow CO, absorber 22.

[0030] Further, since the semi-rich solution 24 1is
cooled before being supplied into the cocurrent flow CO;
absorber 22, the semi-rich solution 24 can lower the

F

temperature of the flue gas 14C fed to the CO, absorber 23

by coming into contact with the flue gas 14B. For this

reason, as described below, it 1s possible to 1ncrease the

absorption amount of CO,, which 1s contained 1n the flue

gas 14C, even in the CO, absorber 23. Accordingly, 1t 1s

pr——

ficiency of CO,.

"

possible to improve the absorption e:

Furthermore, since the temperature of the flue gas 14C fed

F
p—

to the CO, absorber 23 1s lowered, the steam pressure of
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g

the absorbent of the lean solution 17 1s reduced.

Accordingly, it is possible to reduce the consumption of

the absorbent. Moreover, the temperature of the absorbent

rises due to the heat of reaction that i1s generated at the

po— -

time of absorption of CO,, but the flue gas 14C 1s cooled

on the upstream side of the CO, absorber 23. Accordingly,

- o~

the rise of the temperature of the absorbent 1s also

suppressed, so that it 1s possible to suppress the

P

degradation of the absorbent.

[0031] Further, in a CO, recovery device 1n the related

art, a cooling tower 16 and a CO; absorber 23 have been

connected to each other by a flue gas duct 29. In contrast,

the CO, recovery device 10 according to this embodiment 1s

provided with the cocurrent flow CO; absorber 22 on the

flue gas duct 29. Accordingly, according to the CO;

pr——

recovery device 10 of this embodiment, 1t 1s possible to

P

effectively use an 1nstallation area since the cocurrent

)

flow CO, absorber 22 is provided on the flue gas duct 29 of
the CO, recovery device that has been already provided 1n

the related art.

o d

[0032] When the cross-sectional area of the cocurrent

flow COs-absorbing unit 19 1s denoted by S1 and the cCcross-

—

sectional area of the countercurrent CO,-absorbing unit 20

is denoted by S2, the cross-section ratio (S1/S2) of the

cocurrent flow CO,—absorbing unit 19 i1s preferably 1.0 or

less, more preferably 0.8 or less, and still more

preferably 0.5 or less. Accordingly, since 1t 1s possible

to suitably maintain a contact rate between the semi-rich

solution 24 and the flue gas 14B in the cocurrent flow CO;

absorber 22, it is possible to maintain the absorption

p—
aadl

efficiency of CO, that 1s contained in the flue gas 14B.

P

As a result, 1t 1s possible to reduce the amount of steam

that is consumed by a regenerating superheater (reboiler)
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gr—

36 of the regenerator 21. Moreover, even though the cross-

section ratio (S1/S82) of the cocurrent flow CO,-absorbing

unit 19 is small, it is possible to suitably maintailn the

contact rate between the semi-rich solution 24 and the flue

gas 14B in the cocurrent flow CO, absorber 22 by increasing

the filling height of the cocurrent flow COz;-absorbing unit

19 as much as that. Therefore, it 1is possible to maintain

P

the absorption efficiency of CO, that is contained 1in the

flue gas 14B.

[0033] Further, the semi-rich solution 24 1s previously

cooled in the cooler 33 before being supplied to the
cocurrent flow CO, absorber 22. However, when the semil-

rich solution 24 does not need to be cooled, the semi-rich

solution 24 may not be cooled i1in the cooler 33.

(0034 ] The flue gas 14C, which comes into gas-liquid

contact with the semi-rich solution 24 1n the cocurrent

flow CO, absorber 22, is sent to the CO, absorber 23 from

the side wall of the bottom of the CO, absorber 23.
[0035] - Furthermore, the rich solution 18, which has

absorbed CO, contained 1n the flue gas 14B 1n the cocurrent

F

flow COz-absorbing unit 19, 1s stored 1n the bottom of the

cocurrent flow CO, absorber 22. The rich solution 18

stored in the bottom of the cocurrent flow CO, absorber 22

is extracted from a rich solution feed line 37; 1s pumped

from the bottom of the cocurrent flow CO, absorber 22 by a
rich solvent pump 38 that is provided outsilide; exchanges
heat with the CO, absorbent 17, which 1s regenerated in the

regenerator 21, in a rich/lean solution heat exchanger 39;

and is then supplied into the regenerator 21 from the side

surface of the regenerator.

[0036] A part of the rich solution 18, which 1s stored

in the bottom of the cocurrent flow CO, absorber 22, may be

extracted from a rich solution extraction-branch line 41,
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may be mixed to the semi-rich solution 24, and may

circulate in the cocurrent flow CO, absorber 22 so as to be

used. Accordingly, since the rich solution 18 can remove

CO, from the flue gas 14B by further absorbing CO;, which

is contained in the flue gas 14B, in the cocurrent flow CO;

absorber 22, it is possible to further increase the

ﬁ

concentration of C0O, contained in the rich solution 18. As

pr——

a result, it is possible to reduce the amount of steam that

is consumed by the reboiler 30.

grove.

(0037] Further, when the flow rate of the semi-rich

solution 24, which is supplied to the cocurrent flow CO;

absorber 22 from the CO, absorber 23, 1s denoted by Al and

F

the flow rate of the rich solution 18, where the rich

solution 18 stored in the cocurrent flow CO, absorber 22 1s
supplied to the cocurrent flow CO, absorber 22 through the

rich solution extraction-branch line 41, 1s denoted by AZ,

a reflux ratio (A2/A1l) of the rich solution 18 1is

P

preferably in a range of 0 to 3 and more preferably 1in a

P

range of 0 to 2. Accordingly, 1t 1s possible to

efficiently absorb CO,, which 1s contained in the flue gas

14B, while suitably maintaining the rich solution 18 that

is fed to the regenerator 21 and regenerated.

[0038] The CO, absorber 23 1s a tower that removes CO;

from the flue gas 14C by bringing the flue gas 14C 1nto
contact with the CO, absorbent 17. The CO, absorber 23
includes the countercurrent COy—-absorbing unit 20, spray

nozzles 43, a water washing unit 44, and a demister 45.

The flue gas 14C, which 1s fed into the CO, absorber 23,

P

flows 1in the tower toward the top of the tower from the

-

bottom of the tower. The spray nozzle 43 1s a nozzle that

sprays the CO, absorbent 17 downward. In this embodiliment,

the countercurrent CO,-absorbing unit 20 1s provided at the

lower portion of the CO, absorber 23.
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(0039] The flue gas 14C, which rises in the tower, comes
into contact with the CO, absorbent 17, which contains, for

example, a basic amine compound as a base, 1n a

countercurrent flow in the countercurrent CO;-absorbing

unit 20. Accordingly, CO, contained in the flue gas 14C 1s

absorbed in the CO, absorbent 17.
[0040] The semi-rich solution 24, which has absorbed CO;

contained in the flue gas 14C 1n the countercurrent CO;-
absorbing unit 20, is stored in the bottom of the CO,

absorber 23. As described above, the semi-rich solution 24,

which 1s stored in the bottom of the CO, absorber 23, 1s

extracted from the semi-rich solution extraction line 32,

is fed to the cocurrent flow CO, absorber 22, and absorbs

CO,, which is contained in the flue gas 14B, by coming 1nto

contact with the flue gas 14B in a cocurrent flow.

(0041 ] This embodiment i1s not limited to a case where

the semi-rich solution 24 is fed to the cocurrent flow CO;

absorber 22, and the semi-rich solution 24 may be mixed to

the CO, absorbent 17, which is fed to the spray nozzles 43,

so as to be used to absorb C0O,, which 1s contained 1n the

flue gas 14C, in the countercurrent CO;-absorbing unit 20.

Further, the semi-rich solution 24 may be supplied to both

the cocurrent flow CO, absorber 22 and the countercurrent
CO,-absorbing unit 20.

10042 Furthermore, the water washing unit 44 and the
demister 45 are provided on the downstream side 1n the COj

pr——

absorber 23 1in the flow direction of the flue gas 14C. 1In

this embodiment, the water washing unit 44 and the demister

45 are provided above the countercurrent COy-absorbing unit

20 1n the tower. After the CO, absorbent 17 contained 1in

CO,-removed flue gas 47, from which CO, has been removed 1in

the countercurrent CO,-absorbing unit 20, 1s removed from

the CO,-removed flue gas 47 1n the water washing unit 44
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and the demister 45, the CO,-removed flue gas 47 1s

released to the outside of the system from the top of the

COs absorber 23.

(004 3] Water 48, which i1s supplied from the outside, 1s

sprayed in the water washing unit 44 from spray nozzles 49,

so that impurities contained in the CO,-removed flue gas 47

are removed 1n the water washing unit 44. After the water

48, which 1s sprayed from the spray nozzles 49, 1s

1)

recovered by a receiving unit 50, 1s fed to the outside of

the tower by a pump 51, and 1s cooled 1n a cooler 52 by

cooling water 53, the water 48 i1s fed to the spray nozzles

49 so as to be used while circulating.

(0044 ] In this embodiment, the CO,-absorbing unit 172

includes one cocurrent flow CO,—-absorbing unit 19 and one
countercurrent CO,—-absorbing unit 20. However, this

embodiment is not limited thereto, and the CO;-absorbing

unit 12 may include a plurality of cocurrent flow CO,-

absorbing units 19 and one countercurrent COz;—-absorbing

unit 20, may 1include one cocurrent flow CO,—absorbing unit

F

19 and a plurality of countercurrent COy-absorbing units 20,

ﬂ

or may include a plurality of cocurrent flow CO;-absorbing

P

units 19 and a plurality of countercurrent CO,—-absorbing

units 20.

[0045] In this embodiment, the CO, absorber 23 1ncludes
one countercurrent CO,—-absorbing unit 20 that 1s provided
therein. However, the CO, absorber 23 may 1nclude a

plurality of cocurrent flow COz-absorbing units 19 and one

countercurrent CO;—-absorbing unit 20 that are provided

therein, may include one cocurrent flow COy—absorbing unit

P

19 and a plurality of countercurrent CO;—-absorbing units 20

that are provided therein, or may 1nclude a plurality of

p—

cocurrent flow COy—absorblng units 19 and a pluralilty o:

countercurrent CO,-absorbing units 20 that are provided



10

15

20

25

30

CA 02829942 2013-09-11

Docket No. PMHA-13029-PCT
15

therein.

(004 6] FIG. 2 1s a diagram simply 1llustrating another

ﬁ

structure of the CO, recovery device according to this

I}

embodiment. The CO, absorber 23 may have two stages of

countercurrent CO,-absorbing units 20-1 and 20-2 as

illustrated in FIG. 2, or may have three or more stages.

-——a. i

f the CO, absorber 23 is provided with the countercurrent

COy-absorbing units 20-1 and 20-2, a seml-rich solution Z24BR,

which has absorbed CO; remaining 1n the flue gas 14C after

the lean solution 17 1s sprayed from spray nozzles 43-2 and

passes through the countercurrent CO,-absorbing unit 20-2,

1s stored in a receiving unit 55. Subsequently, after the

semi—-rich solution 24B, which 1s stored 1n the receilving

unit 55, 1s cooled 1in a cooler 56 by cooling water 57, the

seml-rich solution 24B 1s sprayved from spray nozzles 43-1
and passes through the countercurrent COz;—-absorbing unit
20-1, so that the semi-rich solution 24B 1s changed into a
semi-rich solution 24A. The semi-rich solution Z24A 1is

P

stored 1n the bottom of the CO, absorber 23.

(0047 ] In this case, this embodiment 1s not limited to a

case where the semi-rich solution 24B, which has absorbed
CO, in the countercurrent COz;-absorbing unit 20-2, 1s
supplied to the countercurrent CO,-absorbing unit 20-1 and
the semi-rich solution 24A, which has absorbed CO, 1n the

countercurrent CO,;—-absorbing unit 20-1, 1s supplied to the

cocurrent flow CO,—-absorbing unit 19. The rich solution 18

that has absorbed CO; in the cocurrent flow COz—absorbing

unit 19, and the semi-rich solutions 24A and 24B that have
absorbed CO, 1in the countercurrent CO,-absorbing units 20-1
and 20-2, respectively, may be supplied to the cocurrent
flow COz—absorbing unit 19 and any one or both of the

countercurrent COz;-absorbing units 20-1 and 20-2 agailn

after being cooled.
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(0048 ] Further, the rich solution 18, which 1s stored 1n

the bottom of the cocurrent flow CO, absorber 22 as

illustrated in FIG. 1, 1s suppllied to the regenerator 21 as
described above. The regenerator 21 1s a tower that
includes the absorbent regenerating unit 13 and regenerates

the rich solution 18 as the lean solution 17 by releasing

CO, from the rich solution 18. The rich solution 18, which

Jo—

1s released into the regenerator 21 from the top of the

regenerator 21, 1s heated by steam 61 that 1s supplied from

the bottom of the regenerator 21. The steam 61 1s
generated by the heat exchange between the lean solution 17
and saturated steam 62 1n the regenerating superheater

(reboiler) 36. The rich solution 18 absorbs heat by being

heated by the steam 61, so that most of CO, contained in

the rich solution 18 1s released. When reaching the bottom

P

of the regenerator 21, the rich solution 18 1s changed 1nto

the CO, absorbent (lean solution) 17 from which almost all

CO, has been removed.

[0049] After the lean solution 17, which 1s stored 1in

F

the bottom of the regenerator 21, 1s fed as a CO, absorbent

by a lean solvent pump 63 and 1s cooled in a lean solvent

cooler 64 by the heat exchange with cooling water 65, the

lean solution 17 is fed to the CO, absorber 23.

[0050] Meanwhile, CO, gas 71 contalning vapor 1S

released from the top of the regenerator 21. After the CO;

——

gas 71 contalning vapor 1s discharged from the top of the

regenerator 21, vapor contained in the CO; gas 71 1s
condensed 1n a condenser 72 by cooling water 73, and water
75 1s separated by a separation drum 74. After that, CO;

gr——

gas 76 1s released to the outside of the system and 1s

recovered. Further, the water 75, which 1s separated by

the separation drum 74, 1s supplied to the upper portion of

the regenerator 21 by a condensed water clrculating pump 77.
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[00511] As described above, the CO, recovery device 10

according to this embodiment includes the cocurrent flow

CO, absorber 22 that 1ncludes the cocurrent flow CO,-
absorbing unit 19 and 1s provided between the coolling tower

16 and the CO, absorber 23, and uses the semi-rich solution

24, which has absorbed CO, contained 1n the flue gas 14C 1in

the CO, absorber 23, as an absorbent that further absorbs

CO, contained in the flue gas 14B in the cocurrent flow CO,

absorber 22. Accordingly, 1t 1s possible to 1ncrease the

F

concentration of CO, contained 1n the rich solution 18 that

ﬁ

1s stored 1n the bottom of the cocurrent flow CO, absorber

22. Moreover, since the semi-rich solution 24 1is

previously cooled before belng supplied into the cocurrent

flow CO, absorber 22, 1t 1s possible to lower the

temperature of the flue gas 14C that 1s fed to the CO;

absorber 23. For thilis reason, 1t 1s also possible to

F

increase the absorption amount of CO,, which i1s contained

1n the flue gas 14C, 1n the CO, absorber 23 and to reduce

the consumption of the absorbent. In addition, since 1t 1s

possible to provide the cocurrent flow CO, absorber 22 on

F

the flue gas duct 29 of the CO, recovery device that has

—
—

been already provided, 1t 1s possible to effectively use an

installation area.

[0052] Accordingly, since 1t 1s possible to efficiently

use steam requlred for releasing CO,, which 1s contailned 1n
the CO, absorbent 17, 1n the regenerator 21 without the
waste of steam, 1t 1s possible to 1ncrease the operating

F

ficiency of the CO, recovery device 10.

T

e:
(0053 ] Meanwhile, the CO, recovery device 10 according
to this embodiment 1s adapted so that the countercurrent
CO,=-absorbing unit 20 1s provided in the CO, absorber 23.
However, thilis embodiment 1s not limited thereto and the

countercurrent COz-absorbing unit 20 may be provided
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between the cooling unit 11 and the CO, absorber 23.
(0054 ] The CO, recovery device 10 according to this

embodiment 1s not limited to a case where the CO; recovery

device 10 is applied to recover CO,; contained 1n the flue
gas 14A, and may be suitably used as a device that brings
an 1ngredilent contained in flue gas into gas-liquid contact
with llgquid such as water, such as flue gas
desulphurization equipment.
[0055] [Second embodiment]

A CO, recovery device according to a second embodiment

F

of the invention will be described with reference to the

P

drawings. Since the structure of the CO, recovery device

according to this embodiment is the same as the structure

prv——

of the above-mentioned CO, recovery device 1llustrated 1n

FIG. 1, a diagram 1llustrating the structure of the CO,

recovery device will not be provided and description will

P

be made using only drawilngs 1llustrating the structure of a

coollng tower and a CO, absorber. Meanwhile, the same

F

mempbers as the members of the CO, recovery device

illustrated 1n FIGS. 1 and 2 are denoted by the same

F

reference numerals and the description thereof will not be

made. Further, a case where two countercurrent CO,-

absorbing units 20 are provided as 1llustrated 1in FIG. 2

will be described in thils embodiment.

[00506] FIG. 3 1s a diagram simply 1llustrating a part of

the structure of the CO; recovery device according to the

Jr—

second embodiment of the i1nvention. As 1llustrated 1n FIG.

3, the CO, recovery device according to this embodiment has

a structure where the CO, recovery device according to the

first embodiment illustrated in FIG. 2 further 1ncludes a

countercurrent CO;-absorbing unit 81 provided on the most

upstream side 1n the flow direction of the flue gas 14B.

That 1s, the CO, recovery device according to the
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embodiment 1ncludes countercurrent COp,—absorbing units 20-1

and 20-2 that are provided 1n the CO, absorber 23, the

cocurrent flow CO, absorber 22 that 1s provlided between the
cooling tower 16 and the CO, absorber 23, and the
countercurrent COy—absorbing unit 81 that 1s provided on

the downstream side of the cooling unit 11, which 1is

provided 1n the cooling tower 16, 1n the gas flow direction

F

(1n an upper portion of the tower).

[0057] The cooling tower 16 i1ncludes spray nozzles 82
and the countercurrent CO,-absorbing unit 81 that are

provided therein. The countercurrent CO,-absorbing unit 81

removes CO, from the flue gas 14B by bringing the cooled

flue gas 14B 1nto contact with a rich solution 18A, which

1s discharged from the cocurrent flow CO, absorber 22, 1n a

countercurrent flow.

[0058] The spray nozzles 82 spray the rich solution 18A

downward. After the rich solution 18A 1s discharged from
the cocurrent flow CO, absorber 22 through a rich solution
extraction line 83 and 1s cooled 1n a cooler 84 by the heat

exchange with cooling water 85, the rich solution 18A 1s

fed to the cocurrent flow CO, absorber 22.

10059] The countercurrent COz;-absorbing unit 81 1s

provided on the downstream side of the cooling unit 11 in

the gas flow direction. In this embodiment, the

countercurrent COz-absorbing unit 81 1s provided above the

P

cooling unit 11 of the cooling tower 16. For this reason,

the flue gas 14B, which 1s cooled in the cooling unit 11 of

the cooling tower 16, flows to the countercurrent CO,-

absorbing unit 81.

10060 ] After coming into contact with the cooled flue
gas 14B 1n the countercurrent COz;—-absorbing unit 81, the

rich solution 18A 1s stored 1n a receiving unit 86.

[0061] The flue gas 14B, which 1s supplied to the
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countercurrent CO,—absorbing unit 81, comes i1into

counterflow contact with the rich solution 18A 1n the

countercurrent CO,—-absorbing unit 81. The rich solution

18A absorbs CO,, which 1s contained i1n the flue gas 14B, Dby

coming into counterflow contact with the flue gas 14B 1in

the cocurrent flow CO, absorber 22. Accordingly, 1t 1s

possible to remove CO, from the flue gas 14B.

[0062] The rich solution 18A 1is stored in the receiving

unit 86 after coming 1nto contact with the cooled flue gas

14B in the countercurrent COp-absorbing unit 81. However,

a rich solution 18B, which 1s stored in the receiving unit

86, 1s extracted from a rich solution feed line 87, and 1s

supplied to the regenerator 21.
[0063] The CO, recovery device according to this
embodiment uses the semi-rich solution 24A, which 1s

discharged from the CO, absorber 23, as an absorbent that

absorbs CO, contained 1n flue gas 14C-1 1n the cocurrent

flow CO, absorber 22. Further, the CO, recovery device

uses the rich solution 18A, which 1s discharged from the

cocurrent flow CO, absorber 22, as an absorbent that

further absorbs CO, contained in the flue gas 14B 1n the
cooling tower 16. That is, the rich solution 18A 1s an

absorbent that has absorbed CO, contained in the flue gas

14C-1 1n the cocurrent flow CO» absorber 22 and has

absorbed CO, contained in flue gas 14C-2 in the CO,

apbsorber 23. For this reason, 1t 1s possible to further

increase the concentration of CO, contained 1n the rich

1

solution 18B, which 1s stored 1n the recelving unilit 86 O:

the cooling tower 16, by using the rich solution 18A as an

absorbent that further absorbs CO, contained in the flue

gas 14B in the countercurrent COy-absorbing unit 81.

(0064 ] A part of the rich solution 18B, which 1s stored

in the receiving unit 86, may be extracted from a rich
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solution extraction-branch line 88, may be mixed to the

rich solution 18A, and may circulate 1n the countercurrent

CO,-absorbing unit 81 so as to be used. Accordingly, since

the rich solution 18A can remove CO, from the flue gas 14B

by further absorbing CO,, which 1s contalned 1n the flue

gas 14B, in the countercurrent COy—-absorbing unit 81, 1t 1s

F

possible to further increase the concentration of CO,

contained in the rich solution 18B.

[0065] Moreover, as for the flow rate A3 of the rich

solution 18A that is supplied to the cooling tower 16 from

the cocurrent flow CO, absorber 22 and the flow rate A4 of

the rich solution 18R, where the rich solution 18B stored
in the cooling tower 16 1s supplied to the cooling tower 16
through the rich solution extraction-branch line 88, a

P

reflux ratio (A4/A3) of the rich solution 18B is preferably

P

in a range of 0 to 3 and more preferably 1n a range of 0 to

2. Accordingly, it 1s possible to absorb CO,, which 1s

contained in the flue gas 14B, while suitably maintaining

the rich solution 18B that 1s fed to the regenerator 21 and

regenerated.

[0060] Further, since the rich solution 18A 1s cooled

before being supplied into the cooling tower 16, the rich

F

solution 18A can lower the temperature of the flue gas 14C-

1 fed to the CO, absorber 23 by coming into contact with

the flue gas 14B. Furthermore, since the semil-rich

solution 24A 1s also cooled before being supplied 1into the

cocurrent flow CO, absorber 22, the semi-rich solution Z24A

F

also can lower the temperature of the flue gas 14C-2 that

is fed to the CO, absorber 23. For this reason, 1t 1s

P

possible to 1ncrease the absorption amount of CO,, which 1is

contained in the flue gas 14C, 1n the CO, absorber 23.

Accordingly, 1t 1s possible to improve the absorption

F

efficiency of CO, and to reduce the consumption of the

)
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absorbent.

(0067 ] In addition, since the CO, recovery device

according to this embodiment i1s provided with the cocurrent

flow CO, absorber 22 on the flue gas duct 29 of the CO;

recovery device having been already provided and 1s

provided with the countercurrent CO;-absorbing unit 81 on

the downstream side 1n the cooling tower 16 1n the gas flow

P

direction (in an upper portion of the tower), 1t 1is

F

possible to effectively use an installation area.

[0068] As described above, according to the CO, recovery

pr—

device of this embodiment, since 1t 1s possible to improve

P

"iciency of CO,, which is contained in the

F

the absorption e
flue gas 14A, into a CO, absorbent 17 and to reduce the

consumption of the absorbent contained i1n the CO, absorbent

P

17, 1t 1s possible to efficiently use the CO, absorbent 17.

gr——

Accordingly, since it 1s possible to efficlently use steam

required for releasing CO,, which 1s contained i1in the CO;

absorbent 17, 1n the regenerator 21 without the waste of

steam, 1t 1s possible to further increase the operating

efficiency of the CO; recovery device. Further, 1t 1s also

P
p—

possible to more effectively apply this embodiment to the

device that has been already provided.

[Examples]

(00069 ] Next, the test results of the reduction rate of

the amount of steam, which 1s consumed by the reboiler when
the CO, recovery device according to this embodiment 1s

used, will be described.

[0070] <When the cocurrent flow CO, absorber was

provided between the cooling tower and the CO, absorber>

When the cocurrent flow CO, absorber 22 was provided

between the cooling tower 1o and the CO, absorber 23 as 1n

the CO, recovery device 10 according to the first

" amd

embodiment of the invention illustrated in FIG. 1, the
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reduction rate of the amount of steam consumed by the

reboiler 36 was examined 1n each of a case where the height

of the cocurrent flow CO,-absorbing unit 19 of the

cocurrent flow CO, absorber 22 was changed,

a case where

the reflux ratio (A2/Al) of the semi-rich solution 24

circulating in the cocurrent flow CO; absorber 22 was

changed, and a case where the cross-section ratio (S1/S2)

between the cocurrent flow CO, absorber 22 and the CO;

absorber 23 was changed. Hereinafter,

description will be

made with reference to the CO, recovery device 10 according

F

to the first embodiment of the invention illustrated in FIG.

1.

P

[0071] [A relation between the filling height of the

—

countercurrent CO,—-absorbing unit 20 o:

CO, absorber 22 and the reduction rate o:

steam consumed by the reboiler 30]

-

the amount of

the cocurrent flow

-
rore

FIG. 4 is a diagram illustrating a relation between

the f£illing height of the cocurrent flow CO,—-absorbing unit

19 of the cocurrent flow CO, absorber 22 and the reduction

P P

rate of the amount of steam that 1s consumed by the

reboiler 36. Meanwhile, Comparative Example 1 1s a test

example where the filling height of the countercurrent CO;-

absorbing unit 20 of the CO, absorber 23 is 100% 1n a COj

recovery device 1n the related art without the cocurrent

P

flow CO, absorber 22. In Comparative Example 1, the amount

of steam consumed by the reboiler 36 was a reference value

(0%). Example 1-1 1s a test example where the filling

height of the cocurrent flow COz;-absorbing

cocurrent flow CO, absorber 22 1s 14% when

height of the countercurrent CO,-absorbing

CO, absorber 23 is 100%. Example 1-2 1s a

unit 19 of the
the fi1lling

unit 20 of the

test example

where the height of the cocurrent flow CO,-absorbing unit

19 of the cocurrent flow CO, absorber 22 1i1s 28% when the
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height of the countercurrent CO;-absorbing unit 20 of the

CO, absorber 23 is 100%. Example 1-3 1s a test example

P

where the height of the cocurrent flow COz;-absorbing unit

19 of the cocurrent flow CO, absorber i1is 43% when the

F

height of the countercurrent CO,-absorbing unit 20 of the

CO, absorber 23 is 100%. In all of Examples 1-1 to 1-3,

the reflux ratio (A2/A1l) of the rich solution 18 between

the flow rate Al of the semi-rich solution 24, which 1s

supplied to the cocurrent flow CO, absorber 22 from the CO;

H

absorber 23, and the flow rate A2 of the rich solution 18,

where the rich solution 18 stored 1n the cocurrent flow CO;

absorber 22 is supplied to the cocurrent flow CO, absorber

22 through the rich solution extraction-branch line 41, was

0 and the cross-section ratio (81/82) of the cocurrent flow

CO,-absorbing unit 19 between the cross-sectional area S1

F

of the cocurrent flow CO,-absorbing unit 19 and the cross-

——

sectional area S2 of the countercurrent CO;—-absorbing unit

20 was 1.
[0072] As illustrated in FIG. 4, the reduction rate otf

gr——

the amount of steam consumed by the reboiler 36 was

increased as the filling height of the cocurrent flow CO,-

absorbing unit 19 of the cocurrent flow CO, absorber 22 was

increased. Accordingly, when the cocurrent flow CO;

absorber 22 is provided on the flue gas duct 29, i1t 1s

P

possible to 1ncrease the reduction rate of the amount of

1)

steam consumed by the reboiler 36 as the filling height of

the cocurrent flow COy—-absorbing unit 19 of the cocurrent

flow CO, absorber 22 1s 1ncreased.

(0073] [A relation between the reflux ratio (A2/A1) of

the semi-rich solution 24 where the semi-rich solution 24

is circulated again 1n the cocurrent flow CO, absorber 272

- -

and the reduction rate of the amount of steam consumed by

the reboller 30]
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the reflux ratio (A2/Al1) of the semi-rich soluti

FIG. 5 1s a diagram illustrating a relation between

on 24 where

the semi-rich solution 24 is circulated agaln 1n the

cocurrent flow CO, absorber 22 and the reduction

V)

rate ot

the amount of steam that is consumed by the reboller 30.

Meanwhile, Comparative Example 2 1s a test example where

the filling height of the countercurrent CO,-absorbing unit

20 of the CO, absorber 23 1s 100% 1n the CO, recovery

device 1n the related art without the cocurrent

flow CO»

absorber 22 as in Comparative Example 1. In Comparative

p——

was a reference value (0%). Each of Examples 2-

P

a test example where the height of the cocurrent

F

Example 2, the amount of steam consumed by the reboller 36

1 to 2-3 1s

flow CO,-

absorbing unit 19 of the cocurrent flow CO, absorber 22,

r—

when the height of the countercurrent COz;—-absorbing unit 20

of the CO, absorber 23 1s 100%, 1s 28% so that the cross-

section ratio (S1/S2) 1s 1. In Example 2-1, the reflux
ratio of the semi-rich solution 24 was 0. In Example 2-2,
the reflux ratio of the semi-rich solution 24 was 1. In

F

Example 2-3, the reflux ratio of the semi-rich s

was 2.

olution 24

(0074 ] As 1llustrated in FIG. 5, the reduction rate ot

P
b

the amount of steam consumed by the reboller 36 was

increased as the reflux ratio (A2/Al) of the rich solution

18 circulated 1n the cocurrent flow CO, absorber

272 Was

increased. Accordingly, when the cocurrent flow CO;

absorber 22 1s provided on the flue gas duct 29,

F

possible to increase the reduction rate of the amount of

steam consumed by the reboiler 36 as the reflux
the rich solution 18 circulated 1n the cocurrent
absorber 22 1s 1ncreased.

[0075] [A relation between the cross-section

it 1s

n

n

ratio o1

flow CO»

rati1o of

the cocurrent flow CO, absorber 22 and the reduction rate
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of the amount of steam consumed by the reboiler 36]

FIG. 6 1s a diagram illustrating a relation between

the cross-section ratio of the cocurrent flow CO, absorber

2?2 and the reduction rate of the amount of steam that 1s

consumed by the reboiler 36.

Meanwhille, Comparative

P

Example 3 is a test example where the fi1lling height of the

P

countercurrent CO,-absorbing unit 20 of the CO, absorber 23

is 100% 1n the CO, recovery device 1n the related art

wlthout the cocurrent

Comparative

Examples 1 and Z.

flow CO, absorber 22 as 1n

—
v

Each of Examples 3-1 to 3-3

P

1s a test example where the height of the cocurrent flow

F

CO,-absorbing unit 19 of the cocurrent flow CO; absorber 22,

iy

when the filling height of the countercurrent CO;-absorbing

unit 20 of the CO, absorber 23 1s 100%, 1s 28% so that the

reflux ratio

Example 3-1,

(A2/Al) of the rich solution 18 1s 0. In

the cross-section ratio (S1/S2) of the

cocurrent flow COy-absorbing unit 19 was 1. n Example 3-2,

the cross-section ratio (S81/S82)

absorbing unit 19 was 0.75.

section ratio

unit 19 was 0.5.

[0076] As
ratio (S1/S82

was 0.75 or 1,

of the cocurrent flow COr-

In example 3-3, the cross-

(S1/82) of the cocurrent flow CO,-absorbing

illustrated 1in FIG. 6, when the cross-section

) of the cocurrent flow COz;-absorbing unit 19

P P

the reduction rate of the amount of steam

consumed by the reboller 36 was large as compared to when

the cross-section ratio (S1/S2)

absorbing unit 19 1s 0.5.

ratio (81/82

) of the cocurrent

of the cocurrent flow COsr-

F

The reduction rate of the amount

of steam consumed by the reboiler 36 when the cross-section

flow COy—absorbing unit 19

was 0.75 was substantially the same as that when the cross-

section ratio (S1/S2) of the cocurrent flow CO,-absorbing

unit 19 was 1.0. Accordingly,

absorber 22 1s provided on the

when the cocurrent flow CO,

flue gas duct 29, 1t 1is
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*
p—

the amount of

steam, which is consumed by the reboiler 36, by makling the

P

cross—-section ratio (81/S2) of the cocurrent flow CO,-

absorbing unit 19 larger than 0.5.

(0077 ] [Influence on the reduction rate

pr——

of the amount ot

P

steam, which 1s consumed by the reboiler 36, when the

cross-section ratio (81/S2) of the cocurrent flow CO,-

flow COs;—-absorbing unit 19 are changed]

case where the cross-section ratio (S1/82)

P

absorbing unit 19 and the filling height otf

the cocurrent

FIG. 7 1s a diagram illustrating a relation between a

F

of the cocurrent

flow COz-absorbing unit 19 and the filling height of the

cocurrent flow COz-absorbing unit 19 are changed, and the

P

reduction rate of the amount of steam that

the reboiler 36. Example 3-4 1s a test exc

g

1s consumed by

mple where the

P

height of the cocurrent flow COy—absorbing unit 19 of the

cocurrent flow CO, absorber 22 1s 43%, the reflux ratio

(A2/A1) of the rich solution 18 is 0, and the cross-section

pri—

ratio (S1/S2) of the cocurrent flow CO,—-absorbing unit 19

pr——

is 0.5 when the height of the countercurrent CO,—-absorbing

unit 20 of the CO, absorber 23 1s 100%.

[0078] As 1llustrated in FIG. 7, when the cross-section

ratio (S1/S2) of the cocurrent flow CO,—-absorbing unit 19

ey

was 0.5, the reduction rate of the amount of steam consumed

by the reboiler 36 was small as compared to when the cross-

section ratio (S1/S2) of the cocurrent flow COy-absorbing

F

unit 19 1s 1. However, when the filling height of the

cocurrent flow CO,-absorbing unit 19 was 1ncreased, the

yu—

reduction rate of the amount of steam consumed by the

reboller 36 was 1ncreased as compared to when the cross-

section ratio (S1/S2) of the cocurrent flow CO,—-absorbing

unit 19 was 1. Accordingly, when the cocurrent flow CO;

absorber 22 1s provided on the flue gas duct 29 and the
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COz~-

1s small, 1t 1s possible to increase the

~

the amount of steam, which 1s c

onsumed by

the reboiler 36, by making the filling height of the
cocurrent flow COz-absorbing unit 19 high.
[0079] [A relation between the reduction rate of the

amount of steam,

which 1s consumed by the reboiler 36, and

-

the filling height of the cocurrent flow CO;—-absorbing unit

19 of the cocurrent flow CO, absorber 22 when the

countercurrent CO,-absorbing unit 20 of the CO, absorber 23

is formed 1n two

the filling height o:

19 of the cocurre

——

rate of the amoun

reboiler 36. Mea
example where the

absorbing unit 20

stages]

P

- the cocurrent

FIG. 8 1s a diagram illustrating a relation between

flow CO,—-absorbing unit

nt flow CO, absorber 22 and the reduction

t of steam that 1s consumed by the

nwhile, Comparative Example 4-1

P

filling height o:

1s a test

- the countercurrent CO,-

of the CO, absorber 23 1s 100% 1in the CO;

recovery device 1n the related art without the cocurrent

Comparative Examp

the reboiler 36 was a re:

flow CO, absorber 22 as 1n Comparative Example 1.

In
le 4-1, the amount of steam consumed by
"erence value (0%). Comparative

Example 4-2 1s a test example where the countercurrent CO;-

absorbing unit 20

of the CO, absorber 23 1is

o

stages and the sum of the filling heights of the

formed 1n two

countercurrent COr-absorbing units 20-1 and 20-2 1s 100% 1n

the CO, recovery device 1n the related art withou

cocurrent flow CO, absorber 22.

example where the

F

-~ the cocurrent

filling height o:

o~

absorbing unit 19 1s 14% when the sum of the fill

C the

Example 4-1 1s a test

flow COs—

1Nng

heights of the countercurrent CO,—-absorbing units 20-1 and

20-2 of the CO, absorber 23 1s 100%. Example 4-2

example where the

-~ The cocurrent

filling height o:

18 a test

flow CO,-
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absorbing unit 19 1s 28% when the sum of the filling

P

heights of the countercurrent CO;-absorbing units 20-1 and

20-2 of the CO, absorber 23 1s 100%. Example 4-3 1s a test

H

example where the filling height of the cocurrent flow COp-

- 1

absorbing unit 19 is 43% when the sum of the filling

P

heights of the countercurrent CO;-absorbing units 20-1 and

20-2 of the CO, absorber 23 1s 100%. Further, 1n all of

Examples 4-1 to 4-3 and Comparative Example 4-2, the

filling height of the countercurrent CO;-absorbing unit 20-

1 was 29% and the filling height of the countercurrent CO;-

absorbing unit 20-2 was 71%. Furthermore, 1n all of

Examples 4-1 to 4-3 and Comparative Examples 4-1 and 4-2,

the reflux ratio (A2/A1) of the rich solution 18 was 0 and

F

the cross-section ratio (S81/S2) of the cocurrent flow CO;-

absorbing unit 19 was 1.

[0080] As 1llustrated i1in FIG. 8, when the CO, absorber

23 1ncluded the countercurrent.Cﬁb—absofbing units 20-1 and

P

20-2 so that the countercurrent CO,—absorbing unit 20 o:

ol

the CO, absorber 23 was formed 1n two stages, the reduction

P

rate of the amount of steam consumed by the reboiler 36 was

increased as compared to when the CO, absorber 23 i1ncluded
the countercurrent CO;-=absorbing unit 20 so that the

countercurrent CO,—-absorbing unit 20 of the CO, absorber 23
was formed 1n one stage (see Comparative Examples 4-1 and

4-2). Moreover, when the countercurrent.Cfb—absorbing unit

20 of the CO, absorber 23 was formed 1n two stages and the

cocurrent flow CO; absorber 22 was provided on the flue gas

duct 29 as 1n Example 4-1, the reduction rate of the amount

P

of steam consumed by the reboller 36 was further 1ncreased.

Further, as 1n Examples 4-1 to 4-3, the reduction rate of

P

the amount of steam consumed by the reboiler 36 was

F

increased as the filling height of the cocurrent flow CO,-

absorbing unit 19 of the cocurrent flow CO; absorber 22 was
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increased. Accordingly, when the countercurrent CO;p-

absorbing unit 20 of the CO, absorber 23 i1s formed 1n a

F

plurality of stages and the cocurrent flow CO, absorber 22

is provided on the flue gas duct 29, 1t 1s possible to

F

further increase the reduction rate of the amount of steam

that is consumed by the reboiller 36. Furthermore, 1t 1s

P

possible to 1ncrease the reduction rate of the amount of

steam, which is consumed by the reboiler 36, as the height

F

of the cocurrent flow CO,-absorbing unit 19 of the

cocurrent flow CO, absorber 22 1s 1ncreased.

[0081] <When the cocurrent flow CO, absorber 22 was

provided in the cooling tower 16 and between the cooling

tower 16 and the CO, absorber 23>

[A relation between the filling height of the

countercurrent CO,—absorbing unit 81, which i1s provided 1n

the cooling tower 16, and the reduction rate of the amount

of steam consumed by the reboiler 36 when the COy—-absorbing

F

unit of the CO, absorber 23 1s formed 1n two stages]

FIG. 9 1s a diagram 1llustrating a relation between

the filling height of the countercurrent CO;-absorbing unit

F

81 and the reduction rate of the amount o

F

steam that 1s

consumed by the reboiler 36. Meanwhile, Comparative

F
—

Example 5-1 1s a test example where the filling height of

the countercurrent CO,-absorbing unit 20 of the CO, absorber

23 1s 100% 1in the CO, recovery device 1n the related art

without the cocurrent flow CO, absorber 22 as 1n

Comparative Example 4-1. In Comparative Example 5-1, the

P

amount of steam consumed by the reboller 36 was a reference

value (0%). Comparative Example 5-2 1s a test example

where the countercurrent COz—-absorbing unit 20 of the CO,

absorber 23 1s formed in two stages and the sum of the

p—

filling heights of the countercurrent CO;-absorbing units

20-1 and 20-2 1s 100% 1n the CO, recovery device 1n the
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related art without the cocurrent flow CO, absorber 2272 as

in Comparative Example 4-2. Comparative Example 5-3 1s a

F P

test example where the sum of the filling helghts of the

cocurrent flow COz-absorbing unit 19 1s 14%, the

countercurrent COz—-absorbing unit 20 of the CO, absorber 23

gr——

is formed in two stages, and the sum of the filling heights

P

of the countercurrent CO;-absorbing units 20-1 and 20-2 1s

100% in the CO,; recovery device including the cocurrent

flow CO,; absorber 22. Example 5-1 1s a test example where

H

the filling height of the countercurrent CO,-absorbing unit

81l 1s 14% when the sum of the filling heights of the

countercurrent CO,-absorbing units 20-1 and 20-2 of the CO;

absorber 23 1s 100%. Example 5-2 1s a test example where

the filling height of the countercurrent CO,-absorbing unit

81 is 28% when the sum of the filling heights of the

countercurrent CO,-absorbing units 20-1 and 20-2 of the CO;

absorber 23 1is 100%. Example 5-3 1s a test example where

the filling height of the countercurrent COy,-absorbing unit

81 is 43% when the sum of the filling heights of the

countercurrent CO,-absorbing units 20-1 and 20-2 of the CO,

P

absorber 23 1s 100%. Further, 1n all of Examples 5-1 to 5-

3 and Comparative Example 5-2, the filling height of the

countercurrent CO;—-absorbing unit 20-1 was 29% and the

F

filling height of the countercurrent CO,—-absorbing unit 20-

2 was 71%. Furthermore, 1n all of Examples 5-1 to 5-3 and

Comparative Example 5-3, the filling height of the

cocurrent flow COs—-absorbing unit 19 of the cocurrent flow

P

CO, absorber 22 was 28%. Moreover, 1n all of Examples 5-1

to 5-3 and Comparative Example 5-3, the reflux ratio

(A2/A1) of the rich solution 18A was 0 and the cross-

section ratio (S1/S2) of the cocurrent flow CO,-absorbing

pri=—

unit 19 was 1. Further, 1in each of Examples 5-1 to 5-3,

the reflux ratio (A4/A3) of the rich solution 18B between
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the flow rate A3 of the rich solution 18A, which 1s

supplied to the cooling tower 16 from the cocurrent flow

CO, absorber 22, and the flow rate A4 of the rich solution

18, where the rich solution 18B stored 1n the cooling tower

16 was supplied to the cocurrent flow CO, absorber 227

through a rich solution extraction-branch line 83, was 0.

(0082 ] As 1llustrated 1n FIG. 9, the reduction rate of

F

the amount of steam consumed by the reboller 36 was

increased when the countercurrent CO,-absorbing unit 81

provided in the cooling tower 16 and the cocurrent flow

P

wWas

CO2

absorber 22 was provided between the cooling tower 16 and

the CO, absorber 23 (see Examples 5-1 to 5-3). Moreover

F F

4

the reduction rate of the amount of steam consumed by the

reboiler 36 was increased as the filling height of the
countercurrent CO;-absorbing unit 81 provided 1n the

cooling tower 16 was 1ncreased. Accordingly, 1t 1s

possible to further increase the reduction rate of the

amount of steam, which 1s consumed by the reboiler 36, by

providing the countercurrent COz—-absorbing unit 81 1n the

cooling tower 16 and providing the cocurrent flow CO;

absorber 22 on the flue gas duct 29. Further, 1t 1s

P
.
h—

possible to increase the reduction rate of the amount o:

steam, which i1s consumed by the reboiler 36, as the filling

F

height of the countercurrent CO,—-absorbing unit 81 provided

in the cooling tower 16 1s 1ncreased.

Reference Signs List

[0083] 10 CO, RECOVERY DEVIC:

L]

11 COOLING UNIT
12 CO,-ABSORBING UNIT

13 ABSORBENT REGENERATING UNIT

14A to 14C, 14C-1, 14C-2 FLUE GAS

15, 48, 75 WATER

16 COOLING TOWER
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CO, ABSORBENT

(LEAN SOLUTION)

10

15

2.0

23

30

18,
19
20,
21
22
23
24,
20,
27,
28,
29
32
36
37,
38
39
41,
44
45
47
50,
ol
61l
02
03
64
71,
12
74
77

18A, 1

COCURRENT FLOW CO,-ABSOR

20-1,

ABSORB

COCURR.
CO, A
247, 24

31,
33,
34,

3B RICH ON

SOLUT I

81

20-2,

ENT REGENERATOR

3

COUNTERCURR.

ING

ENT CO,-ABSOR!

UNIT

3ING UNL

43,
02,
53,

3S50ORB.

3

L]

S

43-1,

56,
57,

R

FLUE

S

EGENERAT.

EMI-R.
43-2,

3 4
02,

GAS DUCT
“MI-RICH SOLUT.

R
37
RICH

RICH/LEAN SOLUTI

33,

RICH SOLUTION

88 RICH SOLUT:

~NT FLOW CO, ABSORE.

49, 82

COOLER

13,

LON
NG SUPERHEATER

SOLVENT PUMP

ON

WATER WASHING UNIT

MISTER

D

L+

CO,—REMOVED FLUE

36 RE

095,
PUMP
STEAM

CE
-
.A

SATURATED STEAM

39

[*]
X

(CH SOLUTION

SPRAY NOZZLE

COOLING WATER

EXTRACTION LINE

(REBOILER)

1T
F'EE
] LJ

H

GAS

LEAN SOLVENT PUMP

LEAN SOLVENT COOL.
COx GAS

76
CONDENSER

SEPARATION

CONDENSED

WATER C._

DRUM

L*]
S

EAT

IVING UNIT

 RCULAT.

D LINK

EXCHANGER

[ON EXTRACTION-BRANCH

NG PUMP

LIN:

L]
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CLAIMS:
1. A CO, recovery device comprising:

a cooling tower including a cooling unit for bringing
the flue gas, which contains CO,, into contact with water so as

to cool flue gas;

a CO, absorber including a COz;~absorbing unit for
bringing the flue gas into contact with a CO, absorbent

absorbing CO; so as to remove CO, from the flue gas; and

a regenerator including an absorbent regenerating
unit for releasing CO, from a rich solution so as to regenerate
the CO, absorbent as a lean solution, the rich solution being
the CO, absorbent having absorbed C0O, and the lean solution

peilng reused in the CO,-absorbing unit; wherein
the CO, recovery device further comprising:

at least one countercurrent CO,-absorbing unit for
bringing the flue gas into contact with the CO, absorbent in a
countercurrent flow so as to remove CO, from the flue gas, the
at least one countercurrent CO,-absorbing unit being provided

in the CO, absorber;

a cocurrent flow CO, absorber including at least one
cocurrent flow COz-absorbing unit for bringing the flue gas

into contact with the CO, absorbent in a cocurrent flow so as
to remove CO, from the flue gas, the cocurrent flow CO,

absorber being provided upstream of the CO, absorber;

a semi-rich solution extraction line for supplying a

semi-rich solution to a flue gas introduction side of the at
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least one cocurrent flow CO;-absorbing unit, the semi-rich

solution being a solution that has absorbed CO;, and is stored

F

in a bottom of at least one countercurrent CO,-absorbing unit;

and

a rich solution feed line for supplying a rich
solution to the regenerator, the rich solution being stored in

a bottom of the cocurrent flow CO, absorber.
2. A CO; recovery device comprising:

a cooling tower including a cooling unit for bringing
the flue gas, which contains CO,, into contact with water so as

to cool flue gas;

a CO; absorber including a CO,-absorbing unit for
bringing the flue gas into contact with a CO, absorbent

absorbing CO; so as to remove CO, from the flue gas; and

a regenerator 1ncluding an absorbent regenerating
unit for releasing CO, from a rich solution so as to regenerate
the CO, absorbent as a lean solution, the rich solution being
the CO, absorbent having absorbed CO, and the lean solution

being reused in the CO,-absorbing unit; wherein
the CO, recovery device further comprising:

at least one countercurrent CO,-absorbing unit for

‘bringing the flue gas into contact with the CO, absorbent in a

countercurrent flow so as to remove CO, from the flue gas, the

at least one countercurrent CO;-absorbing unit being provided

in the CO, absorber;

a cocurrent flow CO, absorber including at least one
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cocurrent flow COz;—-absorbing unit for bringing the flue gas
into contact with the CO, absorbent in a cocurrent flow so as
to remove CO; from the flue gas, the cocurrent flow CO,

absorber being provided upstream of the CO, absorber;

a semi-rich solution extraction line for supplying a
semli-rich solution to a flue gas introduction side of the at
least one cocurrent flow CO,-absorbing unit, the semi-rich
solution being a solution that has absorbed CO, and is stored

in a bottom of at least one countercurrent CO,-absorbing unit;

a countercurrent COz-absorbing unit for bringing the
flue gas i1nto contact with the CO, absorbent in a
countercurrent flow so as to remove CO, from the flue gas, the
countercurrent CO;-absorbing unit being provided on downstream

i

side of the cooling unit in the cooling tower;

a rich solution feed line for supplying a rich

solution to a top side of the countercurrent CO,-absorbing unit

in the cooling tower, the rich solution being a solution that
has absorbed CO, in the at least one cocurrent flow CO,-
absorbing unit and is stored in a bottom of the at least one

cocurrent flow CO,-absorbing unit; and

a rich solution feed line for supplying a rich
solution to the regenerator, the rich solution being a solution
that has absorbed in the countercurrent CO,-absorbing unit and

g

stored 1n a receiving unit of the countercurrent CO,-absorbing

unit.

3. The CO, recovery device according to claim 1 or 2,

further comprising:
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a cooler for cooling the semi-rich solution, the
cooler being interposed on the semi-rich solution extraction

llne.

4. The CO, recovery device according to any one of

claims 1 to 3, wherein

a filling height of the cocurrent flow CO;-absorbing

unit is equal to or less than 43% of a filling height of the

countercurrent flow COy;-absorbing unit of the CO, absorber.

5. The CO, recovery devilice according to any one of

claims 1 to 4, whereiln

a cross-section ratio (S1/S;) of S; and S, is equal to

or less than 1.0, the S; belng a cross-section of the cocurrent
flow CO,-absorbing unit and the S; being a cross-section of the

countercurrent CO;—-absorbing unit of the CO, absorber.



1/9




CA 02829942 2013-09-11

PMHA-13029-PCT

2/9

18 TO 21



CA 02829942 2013-09-11

PMHA-13029-PCT

3/9

TO 21

20-2
i p
3-1
20-1
24A

M.
N <t

NN

18B
S,

N
/ =
N
g o D 13 O
@)
N g q\ ‘...3
N
4P

X

P
O i N\
T : )
- L
< -+
3% % 0|3
© II m LA
- © -
H N i s
< g o 19 J
® o o g N~ <
Q0 A\ ::_r

5 1=



REDUCTION RATE (%) OF
AMOUNT OF STEAM

CA 02829942 2013-09-11

A A WS R W e W ey S wke o e e

- - A S A AR AR AER AR S TV W e Ay e

COMPARATIVE
EXAMPLE 1

ONLY
COUNTER-
CURRENT

CO,-
ABSORBING
UNIT 20
(100%)

=»
-

PMHA-13029-PCT

4/9

I |
! |
l I
| |
) i
__________________ P Sy ———— | ——— R —
| i
] |
! (
' (
' l
' |
.................. - ———-— - - —]————— - -
f I
| I
( !
| I
| 1
e mm e oo b demewed b __
) '
) ¢
) J
i (
! (
' |
---------- -‘———q—qp ---——'————— - -
' |
¢ |
( !
l |
| )
---------- J————— -----"---—— - g am w -~
|
|
|
|
)
'
__________ [ R -, - e e a]ie n o - - - - e m -
'
'
¢
|
I

R -
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FLOW CO,- FLOW CO,- FLOW CO,-
ABSORBING || ABSORBING || ABSORBING
UNIT 19 (14%) || UNIT 19 (28%) || UNIT 19 (43%)
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CURRENT CURRENT CURRENT
CO,- CO,- CO,-
ABSORBING ABSORBING ABSORBING
UNIT 20 (100%)| {UNIT 20 (100%)|{UNIT 20 (100%)

‘REFLUX RATIO (A2/A1) OF RICH

SOLUTION 18: 0

‘CROSS-SECTION RATIO (S1/S2) OF COCURRENT
FLOW CO,-ABSORBING UNIT 19: 1
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