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ABSTRACT
An absorbent regenerator 15 is divided 1nto at least

two parts and includes: a rich solution supply line L

through which a rich solution 14 is supplied to the

absorbent regenerator 15 from a CO, absorber 13; a lean
solution supply line L, through which a lean solution 16 1s
supplied to the CO, absorber 13 from the absorbent
regenerator 15; a lean-rich solution heat exchanger 17 that
is provided at an intersection of the lean solution supply
line I, and the rich solution supply line L; to exchange

heat between the lean solution 16 and the rich solution 14;

a branch portion 18 that branches some 1l4a of the rich

—

solution 14 at a downstream side of the lean-rich solution

heat exchanger 17 on the rich solution supply line L.i; and

a first mixing portion 20a that mixes the some l4a of the

rich solution 14 branched at the branch portion 18 with a
semi-lean solution 19 in which CO, has been partially
removed from the rich solution 14 in the absorbent

regenerator 15.
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DESCRIPTION
CO, RECOVERY UNIT

Field

[0001] The present invention relates to a CO; recovery

unit capable of reducing the amount of water vapor at the

g

time of regeneration of a CO, absorbent.

Background
[0002]

Recently, a greenhouse effect caused by CO; is noted
as one reason of having global warming phenomenon. Thus, a

solution for protecting earth and environment 1s urgently

needed all over the world. As a source for generating COg,

there is every human activity which is involved with

combustion of fossil fuel, and thus a demand for inhilbited

emission tends to increase more than ever. Accordingly,

for power generating facilities like thermoelectric power

station which uses a large amount of fossil fuel, extensive

studies are made on a method of removing and recovering CO;

in flue gas by bringing flue gas from a boiler 1nto contact

with an amine-based CO, absorbent and a method of storing

recovered CQ, without release to air. Furthermore, as a

process used for removing and recovering CO, in flue gas by

using an CO, absorbent, there is a process in which flue
gas 1s brought into contact with a CO; absorbent in an
absorber, the absorbent after absorption of CO, is heated

in a regenerator, and with release of COg, the absorbent 1s

regenerated and recycled to the absorber for reuse (for

example, see Patent Literature 1) .

(000 3] According to a method of removing and recovering

CO, from CO, containing gas like flue gas by using an CO;

absorbent and the process described above, the process 1s

annexed to facilities for combustion, and thus the cost

related to the operation should be reduced as much as
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possible. Among the above processes, the regeneration process

r——

particularly consumes a large amount of heat enerqgy, and thus

1t needs to be provided as a process which can save the energy

as much as possible.

[0004] Accordingly, a suggestion has been made in a related

art that part of a semi-lean solution is discharged to the
outside from a regenerator for heat exchange with a lean
solution in a heat exchanger, subjected to heat exchange with
steam condensate in a heat exchanger, and returned to a lower
side than the extraction area, and by increasing the

g
—

temperature of a semi lean solution fed to the bottom side of

regenerator, steam consumption amount 1s reduced (for example,

see Patent Literature 2 (Example 8 and FIG. 17)).

Citation List

Patent Literature

10005] Patent Literature 1: Japanese Laid-open Patent
Publication No. 7-51537

Patent Literature 2: Japanese Laid-open Patent

Publication No. 2005-254212

Summary

[C006] By the way, a COz;—-absorbed rich solution to be
introduced into an absorbent regenerator exchanges heat with a

lean solution regenerated by the absorbent regenerator and is

d

introduced into an upper part of the absorbent regenerator at a

high temperature of 100°C, for example, the total amount of

rich solution being introduced into the upper part of the
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absorbent regenerator at a time. As a result, CO, and water
vapor are flushed from the rich solution intrcduced into the
absorbent regenerator, and then the CO; gas and the water wvapor
are together released to the outside from the top of the
regenerator. After the CO; gas and the water vapor are cooled
1n a condenser provided at a downstream side of the top of the
regenerator, moisture 1s separated 1n a separation drum for a
gas—-solution separation. However, at this time, because a rich

solution 1s introduced at a time, the flush amount and the

)

amount of moisture to be separated increase, and the amount of
water vapor to be consumed increases to that extent. As a
result, there are problems that an excessive CO, disslipation

load and an 1mbalance heat distribution occur at the top side

of the regenerator and energy saving of renewable energy cannot

be achieved.

(0007} Accordingly, the reduction of the amount of water
vapor 1s further desired to reduce the consumption of heat

energy 1n the regeneration process of the absorbent.

(0008 ] An aspect of the present 1nvention has been achieved
to solve the above problems, and an object thereof 1s to
provide a CO; recovery unit capable of significantly reducing

the amount of water vapor and further i1mproving energy

efficiency.

[0008a] According to an aspect of the present i1invention,
there 1s provided a CO, recovery unit comprilsing: a CO;
absorber in which a CO,-contalining gas comes 1nto contact with
a CO, absorbent to remove COy; an absorbent regenerator which
includes an upper stage and a lower stage and 1in which a CO;-

absorbed rich solution 1s regenerated by a regenerating heater,

CA 2927094 2017-10-25
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thereby reusing a lean solution in which CO, has been removed
in the absorbent regenerator, in the CO, absorber as the CO;
absorbent; a rich sclution supply line through which the rich
solution 1s supplied to a topside of the upper stage of the
absorbent regenerator from the CO, absorber; a lean solution
supply line through which the lean soclution 1s supplied to the
CO, absorber from the absorbent regenerator; a lean-rich
solution heat exchanger that is provided at an intersection of
the lean solution supply line and the rich solution supply line
to exchange heat between the lean solution and the rich
solution; a branch portion that branches some of the rich
solution at a downstream side of the lean-rich solution heat
exchanger on the rich solution supply line; and a mixlng
portion that mixes the some of the rich solution branched at
the branch portion with a semi-lean solution 1n which CO, has
been partially removed from the rich solution 1n the absorbent
regenerator, wherein a front end of a branch line throcugh which
the some of the branched rich solution 1s supplied 1s connected
to a solution storage portion of the semi-lean soluticn which
1s located at a bottom of the upper stage of the regenerator to
mix the some of the branched rich soclution with the semi-lean

solution.

[0008b] According to another aspect of the present invention,

there 1s provided a CO, recovery unlit comprising: a CO;

St

absorpber in which a CO,-containing gas comes 1nto contact with
a CO, absorbent to remove CO,; an absorbent regenerator which
includes an upper stage and a lower stage and 1n which a CO;-
absorpbed rich solution 1s regenerated by a regenerating heater,
thereby reusing a lean solution in which CO, has been removed

1n the absorbent regenerator, in the CO; absorber as the CO;

CA 2927094 2017-10-25
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absorbent; a rich solution supply line through which the rich

solution 1s supplied to a topside of the upper stage of the

absorbent regenerator from the CO; absorber; a lean solution
supply line through which the lean solution 1s supplied to the
CO, absorber from the absorbent regenerator; a lean-rich

solution heat exchanger that i1s provided at an intersection of

the lean solution supply line and the rich solution supply line

to exchange heat between the lean solution and the rich
solution; a branch portion that branches some of the rich
solution at a downstream side of the lean-rich solution heat
exchanger on the rich soluticon supply line; and a line mixing
portion that mixes the some of the rich solution branched at
the branch portion with a semi-lean solution in which CO,; has
been partially removed from the rich solution in the absorbent
regenerator, wherein the line mixing portion 1s provided with a
semli-lean solution extracting line through which the semi-lean
solution 1s extracted from a solutlon storage portion of the

ﬁ
—

seml—-lean solution located at a bottom of the upper stage of

the absorbent regenerator to be supplied to a lower stage of
the absorbent regenerator, and a front end of a branch line
through which the some of the rich solution 1s supplied 1s
connected to the semi-lean solution extracting line to form the

line mixing portion.

[0009] A first aspect provides a CO, recovery unit including

a CO, absorber i1n which a CO,-contailining gas comes 1nto contact
wlth a CO, absorbent to remove CO,, and an absorbent
regenerator 1n which a COy-absorbed rich solution 1s
regenerated by a regenerating heater, thereby reusing a lean
solution 1n which CO, has been removed in the absorbent

regenerator, 1n the CO, absorber as the CO, absorbent, wherein

CA 2927094 2017-10-25
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the absorbent regenerator 1s divided i1intc at least two parts

and has a rich solution supply line through which the rich

solution 1s supplied to the absorbent regenerator from the CO;
absorber, a lean solution supply line through which the lean
solutlion 1s supplied to the CO, absorber from the absorbent
regenerator, a lean-rich solution heat exchanger that 1is
provided at an 1ntersection of the lean solution supply line

and the rich solution supply line to exchange heat between the

lean solution and the rich solution, a branch portion that
branches some of the rich solution at a downstream side of the
lean-rich solution heat exchanger on the rich solution supply
line, and a mixing portion that mixes the some of the rich
solution branched at the branch portion with a semi-lean
solution in which C0O, has been partially removed from the rich

solutlion in the absorbent regenerator.

(0010] A second aspect is the CO, recovery unit according to

A~

the first aspect, wherein a front end of a branch line through

which the some of the branched rich solution 1s supplied 1s
connected to a solution storage portion of the seml-lean
solution which 1s located at an upper stage slide oI the

absorbent regenerator divided into parts to mix the some of the

branched rich solution with tThe semi-lean solution.

[0011] A third aspect is the CO, recovery unit according to
the first aspect, wherein the mixing portion 1s provided with a
semi—lean solution extracting line through which the semi-lean
solution 1s extracted from the sclution storage portion located
at the upper stage side of the absorbent regenerator divided

into parts and the extracted semi-lean solution 1s supplled to

a lower stage side of the absorbent regenerator, and the front

CA 2927094 2017-10-25
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end of the branch line throuch which the some of the branched
rich solution is supplied is connected to the semi-lean

solutlion extracting line to form a mixing portion 1n which the
some of the branched rich solution 1s mixed with the semi-lean

solution.

0012] In one embodiment, a fourth aspect i1s the CO, recovery

unlit according to the third aspect, wherein at an upstream side

P

of the lean-rich solution heat exchanger interposed on the lean

solution supply line, a lean and semi-lean solution heat
exchanger 1s provided at an intersection of the lean solution
supply line and the semi-lean solution extracting line, and
after the some of the branched rich solution and the semi-lean
solution are mixed with each other in the mixing portion, the
mixed solution exchanges heat with the lean solution in the lean

and seml-lean solution heat exchanger.

[0013] In another embodiment, a fifth aspect 1s the CO;
recovery unit according to the fourth aspect, 1ncluding a steam
condensate heat exchanger that 1s interposed at a downstream
side of the mixing portion on the semi-lean solution extracting
line to heat the mixed solution of the some of the branched

rich solution and the semi-lean solution using residual heat of

steam condensate from a regenerating heater of the absorbent

regenerator.

[(0014] According to one aspect, some 0of a rich solution are

pbranched before beling introduced i1nto an absorbent regenerator,
and some of the branched rich solution are mixed with a semi-
lean solution obtained by a removal of some of CO, from the
rich solution 1n the absorbent regenerator, whereby an

excessive dissipation load of CO; 1s prevented and heat

CA 2927094 2017-10-25
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distribution is improved at the top side of the regenerator,

and thus energy saving can be achieved.

—

Brief Description of Drawings

' 0015] FIG. 1 is a schematic view 1llustrating a
configuration of a CO, recovery unit according to a first

embodiment .

CA 2927094 2017-10-25
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FIG. 2 1s a schematic view illustrating a
configuration of another CO; recovery unit according to the
first embodiment.

FIG. 3 1s a schematic view 1llustrating a

configuration of a CO, recovery unit according to a second
embodiment.

FIG. 4 1s a schematic view 1illustrating a

configuration of a CO, recovery unit according to a third

embodiment.

FIG. 5 1s a schematic view illustrating a

configuration of another CO, recovery unit according to a

fourth embodiment.

F'IG. 6 1s a diagram 1llustrating a relation between a

rich-solution branch supply rate (%) and a CO, recovery

heat quantity reduction rate according to the first

embodiment.

FIG. 7 1s a diagram illustrating a relation between a
rich-solution branch supply rate (%) and a CO, recovery
heat guantity reduction rate according to the second

embodiment.

FIG. 8 1s a diagram illustrating a relation between a
rich~solution branch supply rate (%) and a C0O, recovery
heat quantity reductlon rate according to the third

embodiment.

Description of Embodiments

—

10016] Hereinafter, preferred embodiments of the present

invention will be described i1n detail with reference to the
accompanyling drawings. The present invention 1s not

limited by these embodiments, but may be constituted 1in
combination with each of embodiments when several
embodiments are presented.

Flirst Embodiment

[0017/] CO, recovery unilts according to embodiments of
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the present 1nvention will be described with reference to

FIG. 1.

FIG. 1 1s a schematic view 1llustrating a

F

configuration of a CO, recovery unit according to a first

empbodiment. As i1llustrated in FIG. 1, a CO, recovery unit

10A according to the first embodiment 1s a CO, recovery

unit including: a CO, absorber 13 (hereinafter, also

referred to as an "absorber") in which a CO,-containing

flue gas (hereinafter, also referred to as a "flue gas") 11

comes into contact with a CO, absorbent 12 to remove CO,,

and an absorbent regenerator (herelnafter, also referred to
as a "regenerator") 15 in which a CO;-absorbed rich
solution 14 is regenerated by a regenerating heater,

thereby reusing a lean solution 16, which i1s obtalned by a

partial removal of CO, in the absorbent regenerator 15, 1in

the CO, absorber 13 as a CO, absorbent. In the CO, recovery
unit, the absorbent regenerator 15 is divided into at least
two parts (three parts in this embodiment), and includes: a

rich solution supply line 1L, through which the rich

sclution 14 is supplied to the absorbent regenerator 1o

from the CO, absorber 13; a lean solution supply line L,
through which the lean solution 16 i1s supplied to the CO;

absorber 13 from the absorbent regenerator 15; a lean-rich

solution heat exchanger 17 that is provided at an
intersection of the lean solution supply line L, and the
rich solution supply line L; to exchanges heat between the
lean solution 16 and the rich solution 14; a branch portion
18 that branches some 14a of the rich solution 14 at a

downstream side of the lean-rich solution heat exchanger 17
on the rich solution supply line Li;; and a first mixing
portion 20a that mixes some l1l4a of the rich solution

branched at the branch portion 18 with a semi-lean solution

19 which is obtained by the partial removal of CO; from the
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rich solution 14 in the absorbent regenerator 1.

In the drawings, reference numeral 15A represents a

first division portion of the regenerator 15, reference

numeral 15B represents a second division portion, reference

numeral 15C represents a third division portion, reference
numeral 15a represents a first solution dispersion portion,
reference numeral 15b represents a second solution

dispersion portion, and reference numeral 1loc represents a

third solution dispersion portion.

[0018] In a CO, recovery method using the CO; recovery

unit, first, a flue gas 11 contailning CO; released from a
boiler, a gas turbine, or the like is cooled by a gas
cooling system (not illustrated) and is then sent to the

CO, absorber 13.

[0019] In the CO, absorber 13, for example, the flue gas
11 comes into countercurrent contact with an amine-based
CO, absorbent 12, and the CO, contained in the flue gas 11
is absorbed by the CO, absorbent 12 through a chemical

reaction.

A CO,-removed flue gas obtained after CO; 1s removed

by a CO; recovery portion 13A comes into gas-solution

contact with circulation washing water 13a supplied from a

solution distributor in a water washing portion 13B
provided 1n the CO; absorber 13, the CO; absorbent 12

accompanied with the CO,-removed flue gas is recovered, and

then a CO,-removed flue gas 11A obtained by the removal of
CO, is released to the outside of the unit. The

circulation washing water 13a is circulated by a solution

circulating pump P4.

In addition, a rich solution 14 serving as the CO:
absorbent 12 which has absorbed CO, is pressurilzed by a
rich solution pump P1l, heated by a lean solution 16 serving

as the CO, absorbent 12 regenerated by the regenerator 15
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in the lean-rich solution heat exchanger 17, and supplied

to the regenerator 15.

(0020] The rich solution 14 released to the inside from

g

an upper part of the regenerator 15 absorbs heat by water

vapor supplied from the bottom and releases most of CO,.
The CO, absorbent from which some or most of CO, are
released 1n the 1nside of the regenerator 15 1s called the

"semi-lean solution 19". The semi-lean solution 19 becomes

the CO, absorpent 12 from which almost all C0O, are removed

when reaching the bottom of the regenerator 1l5. Out of the

P

lean solution 16 from which most of CO, are removed, some

are heated by water vapor 32 in a regenerating heater 31,

and water vapor 33 1s supplled into the regenerator 15. In
the drawings, reference numeral 34 represents a gas-liquild
separator, and reference numeral 35 represents steam
condensate.

[0021] Meanwhile, a CO, gas 36 1s guided from the top of
the regenerator 15, the CO, gas 36 being released from the
rich solution 16 and the semi-lean solution 19 in the
regenerator and accompanying wilith the water vapor, the
water vapor is condensed by a condenser 37, and water 1s

separated by a separation drum 38. A CO; gas 40 separated

by the separation drum 38 1is released to the outside of the

unit, and is recovered after being compressed by a separate
compressor. The recovered CO; gas 40 1s pressed 1nto an

cil field using, for example, an enhanced oll recovery

(EOR) or 1is stored in an agquifer as a measure for dealing
with global warming.

[0022] Reflux water 39, which i1s separated and refluxed
from the CO; gas 36 in the separation drum 38, 1s supplied

to the upper part of the regenerator 15 by a reflux water

circulating pump Pb5.

The regenerated CO, absorbent (lean solutilion 16) 1s
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cooled by a heat exchange with the rich solution 14 in the
lean-rich solution heat exchanger 17. Subseqguently, the

cooled CO, absorbent 1s pressurized by a lean solution pump

P3, and 1is supplied into the CO, absorber 13 after being

further cooled by a lean solution cooler 41.

[0023] In this embodiment, some of the rich solution 14
heated by the heat exchange with the lean solution 16 1n
the lean-rich solution heat exchanger 17 are branched at a

g

branch portion 18, a front end of a branch line L3 branched

from the branch portion 18 1s connected to a first solution

storage portion 2la of the semi-lean solution 19, which 1is

o

located at an upper stage side of the regenerator 15

o —
p—

divided 1nto a plurality of stages, and thus some 14a of

the branched rich solution 14 and the semi-lean solution 19
are mixed by a first mixing portion 20a.

(0024 ] The mixed solution i1s extracted from the first

solution storage portion 2Z2la, introduced into a second

—

solution dispersion portion 15b of a second division

portion 15B located at a lower stage side by a first seml-
lean solution extracting line L,, and comes into contact

with a gas containing water vapor, whereby CO; 1s released.

In addition, a second semi-lean solution extracted from a

second solution storage portion Z1lb 1s introduced into a

third solution dispersion portion 15¢ of a third division

portion 15C located at a further lower stage side by a
second semi-lean solution extracting line Lg, and comes
into contact with a gas containing water vapor, whereby CO;
1s released.

[0025] As a result, since some of the rich solution 14

are branched, it 1s possible to prevent the i1ncrease of the

flush amount of CO; and water caused by the introduction of
the total amount of the rich solution 14 heated by the heat

exchange in the lean-rich solution heat exchanger 17 1into
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the upper part of the regenerator 15 as in the related art,

g

and to achieve energy saving by the prevention of the

dissipation load of the excessive CO; and the improvement
of the heat distribution at the top side of the regenerator

15.

[0026] In this embodiment, the mixing portion is defined

P

by the introduction of the front end of the line into a

sidewall of the regenerator 15, but a line mixing portion
may be provided to directly mix with the semi-lean solution

extracting line L,.

[0027] FIG. 6 is a diagram illustrating a relation
between a rich-solution branch supply rate (%) and a CO;
recovery heat quantity reduction rate according to the
first embodiment. Here, a case where the rich solution 1s

not branched (branch supply rate is 0%) 1is set as a

reference. As illustrated in FIG. 6, when the branch

supply rate exceeds 20%, a branch effect is exhibited.

[0028] FIG. 2 is a schematic view i1llustrating a

configuration of another CO, recovery unit according to the

first embodiment. As illustrated in FIG. 2, in a CO:

recovery unit 10B according to a second embodiment, a
regenerator 15 is divided into three parts, a first SEeml—

lean solution extracting line L, 1s provided tTo extract a

semi-lean solution 18 existing in a first division portion

from a first solution storage portion 2la, a first branch
portion 18a is provided on the first semi-lean solution
extracting line Ls to branch a semi-lean solution 19, some

o

of the branched semi-lean solution 19 are introduced 1into a

second sclution storage portion 21b of a second division

portion by a branch line Ls, and thus a second mixing

portion 20b is formed.
In addition, a second semi-lean solution extracting

line Lg is provided to extract a semi-lean solutilon 19
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existing in a second division portion 15B from the second
solution storage portion 21b, a second branch portion 18b

is provided on the second semi-lean solution extracting

line L¢ to branch the semi-lean solution 19, some of the
branched semi-lean solution 19 are introduced into a third
solution storage portion 21c in a third division portion
15C by a branch line Ly, and thus a third mixing portion

20c is formed.

[0029] In this way, after a rich solution 14 obtalned Dby

a heat exchance in a lean-rich solution heat exchanger 1/

is branched by a branch portion 18, the first branch
portion 18a and the second branch portion 18b are provided
on the semi-lean solution extracting lines Lg and Leg,
respectively, to further extract the semi-lean solution 19,

some of the semi-lean solution are introduced into the

second solution storage portion 21lb and the third solution
storage portion 2lc and mixed with each other, and thus
distribution efficiency is further improved in the

regenerator 10.

Second Embodiment

[0030] A CO, recovery unit according to an embodiment o=

the present invention will be described with reference TO

FIG. 3. The same members as in the configuration of the

first embodiment are denoted by the same reference numerals,
and the duplicated description thereof will not be

presented.

FIG. 3 is a schematic view illustrating a

configuration of a CO; recovery unit according to a second

embodiment. As illustrated in FIG. 3, a CO; recovery unit
10C according to the second embodiment includes: a seml-
lean solution extracting line L; through which a semi-lean

solution 19 is extracted from a first solution storage

1)

portion 2la, which is located at an upper stage side o:
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divided absorbent regenerator 15 and stores the semi-lean
solution 19, and is supplied to a lower stage side of the
absorbent regenerator 15; and a line mixing portion 20A
that is provided on the semi-lean solution extracting line
L, and connects with a front end of a branch line Ls

through which some 14a of the branched rich solution 14 1s

supplied, thereby mixing some l4a of the branched rich

solution 14 with the semi-lean solution 19.

g

[0031] In addition, at an upstream side of the lean-rich

solution heat exchanger 17 interposed in a lean solutilion

supply line L,, a lean and seml-~lean solution heat

p—

exchanger 51 1s provided at an intersection of

the lean

solution supply line L; and the semi-lean solution
extracting line L,, some 1l4a of the branched rich solution
14 and the semi-lean solution 19 are mixed with each other
in the line mixing portion 20A, and then the mixed solution
exchanges heat with the lean solution 16 in the lean and

semi-lean solution heat exchanger 51.

[0032] In the related art, the semi-lean solution 19 was
extracted through the semi~lean solution extracting line Lg,

and the semi-lean solution 19 was heated by exchanging heat

in the lean and semi-lean solution heat exchanger 51. In

this case, however, the heat of the heat exchange 1n the

lean-rich solution heat exchanger 17 installed at the

P

downstream side of the lean solution supply line L; was

lowered, the heat held by the rich solution 14 was not

sufficient to a dissipation load of CO;.

In contrast, as in this embodiment, some 1l4a of the

rich solution 14 are branched by a branch portion 18 and

are mixed with the semi-lean solution 19, whereby the rich
solution 14 is distributed. Thus, the dissipation load of
CO, can be equalized, and energy saving of renewable energy

can be achieved.
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10033 ] FIG. 7 is a diagram illustrating a relation
between a rich-solution branch supply rate (%) and a CO;
recovery heat quantity reduction rate according to the
second embodiment. Here, a case where the rich solution 1is

not branched (branch supply rate is 0%) 1s set as a

reference. As illustrated in FIG. 7, when the branch

supply rate exceeds 20%, a branch effect is exhibited.
Third Embodiment

[0034] A CO, recovery unit according to an embodiment ot

the present invention will be described with reference tO

FIG. 4. The same members as in the configuration of the

first embodiment are denoted by the same reference numerals,

and the duplicated description thereof will not Dbe

presented.

FIG. 4 is a schematic view 1llustrating a

pr—

configuration of a CO, recovery unit according to a third

embodiment. As illustrated in FIG. 4, compared to the CO:

recovery unit 10C of the seccond embodiment, a COz recovery

unit 10D according to the third embodiment is further

configured to have a regenerator 15 divided into three

parts, a first semi-lean solution extracting line Ly

through which a semi-lean solution 19 existing 1n a first

division portion 15A is extracted from a first solution
storage portion 2la, and a second semi-lean solution
extracting line ILg through which a semi-lean solution 19
existing in a second division portion 15B 1s extracted from
a second solution storage portion Z21lb.

[0035] In addition, steam condensate and semi-lean

solution heat exchangers 52A and 52B are provided to
exchange heat of the semi-lean solution 19 extracted

through the first semi-lean solution extracting line L, and

heat of the semi-lean solution 19 extracted through the

second semi-lean solution extracting line Lg by a steam
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condensate 35 of a regenerating heater 31, respectively.

[0036] In this embodiment, the steam condensate and
seml-lean solution heat exchangers 52A and 52B are

interposed in series with lean solution and semi-lean

solution heat exchangers 51A and 51B through the semi-lean
solution extracting lines Ls and Lg, respectively, such
that the semi-lean solution 19 passes through each of the
lean solution and semil~lean solution heat exchangers 51A

gr—

and 51B after passing through each ¢f the steam condensate

and semi-lean solution heat exchangers 52A and 52B.
[0037] Accocrding to this embodiment, since the semi-lean
solution 19 exchanges heat 1n series between the steam
condensate and semi—lean solution heat exchanger 52A and
the lean solution and semi-lean solution heat exchanger 51A
after being joined with some l4a of a rich solution 14, an
excessive dissipation load of CO; can be prevented and heat
distribution can be improved at the top side of the

regenerator 15, thereby achleving energy saving.

[0038] FIG. 8 1s a diagram illustrating a relation
between a rich-solution branch supply rate (3) and a CO;
recovery heat quantity reductlon rate according to the
third embodiment. Here, a case where the rich sclution 1s

not branched (branch supply rate is 0%) 1s set as a

reference, As illustrated in FIG. 8, when the branch

supply rate exceeds 20%, a branch effect is exhibited.

Fourth Embodiment

[0039] A CO,; recovery unit according to an embodiment of

the present 1nvention will be described with reference to

FIG. 5. The same members as in the configuration of the

first embodiment are denoted by the same reference numerals,

and the duplicated description thereof will not be

presented.

As illustrated in FIG. 5, a CO, recovery unit 10E
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according to the fourth embodiment is further configured to

include a first semi-lean solution extracting line Lsx and

a first semi-lean solution extracting line Lyg which are

pbranched from a first semi-lean solution extracting line Lg
and a second seml-lean solution extracting line Lgy and a
second seml-lean solution extracting line Lg which are
pbranched from a second semi-lean solution extracting line
L¢ 1n the fourth embodiment.

(0040 ] Then, a steam condensate and semi-lean solution
heat exchanger 52A 1s interposed on the first semi-lean

solution extracting line L4y to be branched at a downstream

side of a mixing pertion of a line mixing portion 20A on
the first semi-lean solution extracting line 1,;, and a lean

solutlion and semi~-lean solution heat exchanger 51A is

interposed on the first semi-lean solution extracting line

L4 which 1s branched.

A semi-lean solution 19 is joined after exchanging
heat 1n the steam condensate and semi-lean solution heat
exchanger 52A and the lean solution and semi-lean solution
heat exchanger 51A, and 1s then supplied to a second
solution dispersion portion 15b of a second division
portion 15B.

[0041] Similarly, a steam condensate and seml-lean

solution heat exchanger 52B is interposed on the second

semi-lean solution extracting line Lgy branched from the
second semli-lean solution extracting line Lg, and a lean
solution and semi-lean solution heat exchanger 51B is

interposed on the second semi-lean solution extracting line

L¢g Which 1s branched.

A semli~lean solution 19 1s joined after exchanging

heat in the steam condensate and semi-—lean solution heat

exchanger 52B and the lean solution and semi-lean solution

heat exchanger 51B, and is then supplied to a third
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solution dispersion portion 15¢ of a third division portion

15C,
[0042]

According to this embodiment,

since the semi-lean

solution 19 exchanges heat in parallel between the steam

condensate and semili-~lean solution heat exchanger 52A and

the lean solution and semi-lean solution heat exchanger 51A

after being joined with some 14a of a rich solution 14,

arll

excessive dissipation load of CO; can be prevented and heat

distribution can be improved at the top side of the

regenerator 19,

thereby achleving energy saving.

Reference Signs List

[0043]
11
12
13
14
15
16
20A
20a
20b
20cC

21la
21b
21cC

10A to 10E

CO, RECOVERY UNIT

CO,—CONTAINING GAS
CO, ABSORBENT

CO, ABSORBER

(ABSORBER)

RICH SOLUTION

ABSORBENT REGENERATOR

(REGENERATOR)

LEAN SOLUTION

LINE
FIRST MIXING
SECOND MIXING PORTI

PORTION
PORTION
ON

MIXING

THIRD MIXING PORTION
FIRST SOLUTION STORAGE PORTION
SECOND SOLUTION STORAGE PORTION

THIR.

D SOLUTION STORAGE PORTION
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CLAIMS:

1. A CO, recovery unilit comprising:

a CO, absorber 1n which a CO,-contailning gas comes

into contact with a CO, absorbent to remove CO»;

an absorbent regenerator which i1ncludes an upper
stage and a lower stage and 1n which a COy;-absorbed rich
solution 1s regenerated by a regenerating heater, thereby
reusing a lean solution 1n which CO, has been removed 1n the
absorbent regenerator, in the CO,; absorber as the CO,

absorbent;

a rich solution supply line through which the rich
solution 1s supplied to a topside of the upper stage of the

absorbent regenerator from the CO, absorber;

a lean solution supply line through which the lean
solution 1s supplied to the CO, absorber from the absorbent

regenerator;

a lean-rich solution heat exchanger that 1s provided

at an 1ntersection of the lean solution supply line and the

rich solution supply line to exchange heat between the lean

solution and the rich solution:

a branch portion that branches some of the rich
solution at a downstream side of the lean-rich solution heat

exchanger on the rich solution supply llne; and

a mixing portion that mixes the some of the rich
solution branched at the branch portion with a semi-lean

solution in which CO; has been partially removed from the rich

CA 2927094 2017-10-25
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solution 1n the absorbent regenerator, wherein a front end of a
branch line thrcugh which the some of the branched rich
solution 1s supplied 1s connected to a solution storage portion
of the semi-lean solution which 1s located at a bottom of the
upper stage of the regenerator to mix the some of the branched

rich solution with the semi-lean solution.

2 . A CO; recovery unit comprising:

a CO, absorber in which a CO;-containing gas comes

into contact with a CO, absorbent to remove COj;

an absorbent regenerator which includes an upper
stage and a lower stage and in which a CO;-absorbed rich
solution 1s regenerated by a regenerating heater, thereby
reusing a lean solution 1in which CO, has been removed 1n the
absorbent regenerator, in the CO, absorber as the CO;

apbsorbent;

a rich solution supply line through which the rich

solution 1s supplied to a topside of the upper stage of the

absorbent regenerator from the CO, absorber;

a lean solution supply line through which the lean

solution 1s supplied to the CO, absorber from the absorbent

regenerator;

a lean-rich solution heat exchanger that 1s provided

ﬁ

at an intersection of the lean solution supply line and the

rich solution supply line to exchange heat between the lean

solution and the rich solution;

CA 2927094 2017-10-25



81796172

20U

a branch portion that branches some of the rich
solution at a downstream side of the lean-rich solution heat

cxchanger on the rich solution supply line; and

a line mixing portion that mixes the some of the rich
O solution branched at the branch portion with a semi-lean
solution in which CO, has been partially removed from the rich
solution in the absorbent regenerator, wherein the line mixing
portion 1s provided with a semi-lean solution extracting line
through which the semi-lean solution 1s extracted from a
10 solution storage portion of the semi-lean solution located at a

F

bottom of the upper stage of the absorbent regenerator to be

supplied to a lower stage of the absorbent regenerator, and

a front end of a branch line through which the some
of the rich solution 1s supplied 1s connected to the semi-lean

15 solution extracting line to form the line mixing portion.

3. The CO, recovery unit according to claim 2, whereln

at an upstream side of the lean-rich solution heat
exchanger interposed on the lean solution supply line, a lean
and semi-lean solution heat exchanger 1is provided at an

20 intersection of the lean solution supply line and the semi-lean

solution extracting line, and

after the some of the branched rich solution and the
semi-lean solution are mixed with each other in the mixing

portion, the mixed solution exchanges heat with the lean

25 solution in the lean and semi-lean solution heat exchanger.

4 . The CO, recovery unit according to claim 3,

comprising a steam condensate heat exchanger that 1s i1nterposed

CA 2927094 2017-10-25
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at a downstream side of the mixing portion on the

semi—-lean

solution extracting line to heat the mixed solution of the some

of the branched rich solution and the semi-lean solution using

residual heat of steam condensate from a regenera

the absorbent regenerator.

CA 2927094 2017-10-25
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