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Abstract

Provided is an absorbing liquid which absorbs CO,, H;S, or
both contained in a gas comprising: at least one tertiary-
monoamine main agent, at least one secondary-diamine first
additive, and at least one secondary-monoamine secondary
additive; wherein a concentration of the secondary-diamine
concentration is calculated so that an additive concentration
index is between 0.05 to 0.5, wherein the additive
concentration index is represented by Formula (I), wherein an
acid dissociation index is measured at 20°C using water as a
solvent, and wherein the weight ratio of the secondary
monoamine is within a range of 0.05 to 0.6 with respect to a
total % by weight of a tertiary monoamine and a secondary
diamine. Also provided is a wmethod for ©preparing the

absorbing liquid, and a device for removing CO,, H,S, or both.
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DESCRIPTION

Title of Invention
ABSORBING LIQUID, METHOD FOR PREPARING ABSORBING LIQUID,

AND DEVICE AND METHOD FOR REMOVING CO, OR HyS OR BOTH

Technical Field

[0001]

The present invention relates to an absorbing liquid
for removing carbon dioxide (COz;) or hydrogen sulfide (H;S)
or both contained in a gas, a method for preparing an
absorbing liguid, and a device and method for removing CO,
or H;S or both by using an absorbing liquid.

Background Art

[0002]

Conventionally, a method for recovering and removing
acid gases, in particular, €0, which are contained in
gases (gases to be treated) such as wvarious industrial
gases produced in chemical plants, such as a natural gas
and a synthesis gas, and flue gases, has been studied and
various methods have been proposed.

For example, for the flue gases, a method for
allowing CO; in a flue gas to come into contact with an
alkanolamine solution or the like to remove and recover

CO;, and a method for storing recovered CO, without
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discharging CO; to the atmosphere have been actively
studied.

[0003]

Examples of the alkanolamine that can be used
include monocethanolamine (MEA), diethanolamine (DEA),

triethanolamine (TEA), 2-amino-2-methyl-l-propanol (AMP),

diiscopropanolamine, 2-methylamincethanol, 2=
ethylaminoethanol, 2-propylamincethanol, n-
butylaminocethanol, 2- (isopropylamino)ethanol, and 3~

ethylaminopropanol.

[000c4]

For example, an absorbing liquid formed of a mixture
of secondary anine or a mixture of secondary amine and
tertiary amine is disclosed in a United States Patent
specification. It 1is proposed that this mixed absorbing
liquid 1is an advantageous absorbing liquid because an
absorbing ability and regeneration energy are
significantly improved in the mixed absorbing 1liquid
compared with an MEA single absorbing liquid (PTL 1).

[0005]

In the case 1in which a monoethanolamine (MEA)
absorbing liquid 1is wused, there 1is a problem 1in that
degradation in the absorbing liquid severely progresses
because of oxygen or the like in a gas.

Therefore, conventionally, a method has been
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proposed for stabilizing an absorbing 1liguid by adding,
for example, trialkanolamine or methyldiethanolamine
(MDEA) to the absorbing liguid (PTL 2 and PTL 3).

Citation List

Patent Literature

[0006]

[PTL 1] United States Patent No. 5,618,506

[PTL 2] United States Patent No. 3,535,260

[PTL, 3] United States Patent No. 4,840,777
Summary of Invention
Technical Problem

[0007]

However, 1in the above PTLs, demonstrations for the
absorbing ability and the like for the absorbing liguid
formed of a mixture of secondary amine and tertiary amine
are disclosed. However, when an absorbing liguid to be
used 1in a closed system is regenerated in an absorbing
liguid regeneration tower, from the viewpoint of
regeneration energy, a method for obtaining the mixing
ratio thereof 1is not disclosed. It is earnestly desired
to provide a technique of reducing a so-called reboiler
heat duty when the absorbing liquid is regenerated and
used.

[0008]

The present invention is made in consideration of
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the above problems and an object thereof is to provide an
absorbing liquid capable of reducing a so-called reboiler
heat duty when the absorbing liguid is regenerated and
used, a method for preparing an absorbing liquid, and a
device and a method for removing CO; or H;S or both.
Solution toc Problem

[0009]

In order to solve the above problems, according to a
first aspect of the present invention, there is provided
an absorbing 1liquid which absorbs CO, or H;S or both
contained in a gas, the absorbing liquid including: 1) at
least one tertiary-monocamine main agent selected from a
tertiary-monoamine group; and 2) at least one secondary-
diamine first-additive selected from a secondary-diamine
group, 1n which a secondary-diamine concentration is
within the range of 0.05 to 0.5 in terms of an additive

concentration index represented by Expression (I).

Additive <concentration 1index = |[secondary-diamine
acid dissoclation index (pKa) /tertiary-moncamine acid
dissociation index (pKa)] index ratio x [secondary-diamine
molar concentration (mol/L) /tertiary-monoamine molar
concentration (mol/L)] molar ratio . . .(I)

[0010]

According to a second aspect of the ©present

invention, in the absorbing liquid according to the first
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aspect, a total sum of the tertiary monoamine and the
secondary diamine is 10% to 70% by weight with respect to
the total absorbing liquid.

[0011]

According to a third aspect of the present invention,
the absorbing liguid according to the first aspect further
includes at least one secondary-moncamine secondary
additive selected from a secondary-monoamine group.

[0012]

According to a fourth aspect of the present
invention, in the absorbing liquid according to the second
or third aspect, a total sum of the tertiary monoamine,
the secondary diamine and the secondary monocamine is 10%
to 70% by weight with respect to the total absorbing
liquid.

[0013]

According to a fifth aspect of the present invention,
in the absorbing liquid according to the third aspect, the
weight ratio of the secondary monoamine is within a range
of 0.05 to 0.6 with respect to the total sum of the
tertiary monoamine and the secondary diamine (% by weight).

[0014]

According to a sixth aspect of the present invention,
in the absorbing liquid according to the first aspect, the

tertiary monocamine 1is a compound represented by the
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following Chemical Formula (1):

F|?2
Ri—N—R; =(1)

in the formula, R; represents a hydrocarbon group
having 1 to 4 carbon atoms, R, represents a hydrocarbon
group or a hydroxyalkyl group having 1 to 4 carbon atoms,
and Rz represents a hydrocarbon group or a hydroxyalkyl
group having 1 to 4 carbon atoms.

[0015]

According to a seventh aspect of the present
invention, in the absorbing liquid according to the third
aspect, the secondary moncamine 1is a compound represented

by the following Chemical Formula (2):

|
Ry—N—Rs =+(2)

in the formula, R, represents a hydrocarbon group
having 1 to 4 carbon atoms, and Rs represents a
hydroxyalkyl group having 1 to 4 carbon atoms.

[0016]

According to an eighth aspect of the present
invention, there 1s provided a method for preparing an
absorbing liquid which absorbs CO; or H;S or both contained

in a gas, the method including: a tertiary-monocamine
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concentration specifying process of specifying a tertiary-
monoamine concentration to a predetermined concentration
(preferably within a range of 1 to 5.5 mol/L) using 1) at
least one tertiary-monocamine main agent selected from a
tertiary-monoamine group and 2) at least one secondary-
diamine first additive selected from a secondary-diamine
group; and a secondary diamine concentration determining
process of determining a secondary-diamine concentration
in the specified tertiary-monoamine concentration to be
within a range of 0.05 to 0.5 in terms of an additive

concentration index represented by Expression (I).

Additive concentration index = [secondary-diamine
aclid dissociation index (pKa)/tertiary-monoamine acid
dissociation index (pKa)] 1index ratio x ([secondary-
diamine molar concentration (mol/L) /tertiary-moncamine
molar concentration (mol/L)] molar ratio . . . (I)

[0017]

According to a ninth aspect of the present invention,
in the method for preparing an absorbing liquid according
to the eighth aspect, a total sum of the tertiary
monocamine and the secondary diamine is 10% to 70% by
welight with respect to the total absorbing liquid.

[0018]

According to a tenth aspect of the present invention,

in the method for preparing an absorbing liquid according
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to the eighth aspect, the absorbing liquid further
contains at least one secondary-monoamine secondary
additive selected from a secondary-monoamine group.

[0019]

According to an eleventh aspect o©f the present
invention, in the method for preparing an absorbing liquid
according to the eighth or ninth aspect, a total sum of
the tertiary moncamine, the secondary diamine and the
secondary monoamine 1is 10% to 70% by weight with respect
to the total absorbing ligquid.

[0020]

According to a twelfth aspect of the present
invention, in the method for preparing an absorbing liquid
according to the tenth aspect, the weight ratio of the
secondary monoamine is within a range of 0.05 to 0.6 with
respect to the total sum of the tertiary moncamine and the
secondary diamine (% by weight).

[0021]

According to an thirteenth aspect of the present
invention, in the method for preparing an absorbing liquid
according to the eighth aspect, the tertiary monoamine is

a compound represented by the following Chemical Formula

(1) :
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Ta
F§1-—— PJ ""'F23 "'(1)

in the formula, R; represents a hydrocarbon group
having 1 to 4 carbon atoms, R, represents a hydrocarbon
group or a hydroxyalkyl group having 1 to 4 carbon atoms,
and R3 represents a hydrocarbon group or a hydroxyalkyl
group having 1 to 4 carbon atoms.

[0022]

According to a fourteenth aspect of the present
invention, in the method for preparing an absorbing liquid
according to the tenth aspect, the secondary monocamine is
a compound represented by the following Chemical Formula

(2).

H
|

Ry—N—R; -+(2)

in the formula, Rg; represents a hydrocarbon group
having 1 to 4 <carbon atoms, and Rs represents a
hydroxyalkyl group having 1 to 4 carbon atoms.

[0023]

According to a fifteenth aspect of the present
invention, there is provided a device for removing CO, or
H,S or both including: an absorption tower which allows a

gas containing CO; or HyS or both to come in contact with
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an absorbing liguid to remove CO; or Hz;S or both; and a
regeneration tower which regenerates a solution that absorbs
CO, or HyS or both, 1in which a solution regenerated by
removing COC, or H;S or both 1in the regeneration tower is
reused in the absorpticn tower, and the absorbing liquid
according to any one of the first to seventh aspects is used.

[0024]

According to a sixteenth aspect of the present invention,
there is provided a method for removing CO0O; or HpS or both
including: allowing a gas containing CO, or HzS or both to
come 1in contact with an absorbing liquid in an absorption
tower to remove CO, or H;S or both; regenerating a solution
that absorbs CO; or H;S or both in a regeneration tower; and
reusing the solution regenerated in the regeneration tower by
removing CO; or H;S or both in the absorption tower, in which
the absorbing liquid according to any one of the first to
seventh aspects is used to remove CO, or Hy;S or both.
Advantageous Effects of Invention

[0024A]

In another aspect, the present invention provides an
absorbing liquid which absorbs CO, or H,S or both contained
in a gas, the absorbing liquid comprising: 1) at least one
tertiary-monoamine main agent selected from the group
consisting of N-methyldiethanolamine, N-ethyldiethanolamine,

- 10 -
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N-butyldiethanolamine, 4-dimethylamino-1-butanol,
2-dimethylaminoethanol, 2-diethylamincethanol, 2-di-n-
butylaminoethanol, N-ethyl-N-methylethanolamine,

3-dimethylamino-1l-propancl, and 2-dimethylamino-2-methyl-1-

propanol, 2) at 1least one secondary-diamine first additive

selected from the group consisting of piperazine,
2-methylpiperazine, 2,3-dimethylpiperazine,
2,5-dimethylpiperazine, N,N'—dimethylethanediamine,
N,N'—dimethylpropanediamine, N,N'-diethylethylenediamine,

N,N'—-diethylpropanediamine, N,N'—-diisopropylethylenediamine,
and N,N'-ditertiarybutylethanediamine, and 3) at least one

secondary-monoamine secondary additive selected from the

group consisting of 2-ethylaminocethanol, 2-n-
propylaminocethanol, 2-n-butylamincethanol, 2-n-
pentylaminoethanol, 2-isopropylaminocethanol, 2-sec-

butylaminoethanol, and 2-isobutylaminoethanol; wherein a
concentration of the secondary-diamine is calculated so that
an additive concentration index is between 0.05 to 0.5,
wherein the additive concentration index is represented by
Formula (I), Additive concentration index = [secondary-

diamine acid dissociation index (pKa)/tertiary-monocamine acid

dissociation index (pKa)] index ratio x [secondary-diamine

molar concentration (mol/L) /tertiary-monoamine molar
concentration (mol/L)] molar ratio . . .(I), wherein an acid
- 10a -
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dissociation index 1is measured at 20°C using water as a
solvent, and wherein the weight ratio o¢f the secondary
monoamine is within a range of 0.05 to 0.6 with respect to a
total % by weight of a tertiary monocamine and a secondary
diamine.

[0024B]

In another aspect, the present invention provides a
method for preparing an absorbing liquid which absorbs CO;
contained in a gas, the method comprising: preparing a
tertiary-monoamine concentration to a predetermined
concentration within a range of 1 to 5.5 mol/L, using 1) at

least one tertiary-monoamine main agent selected from the

group consisting of N-methyldiethanolamine,
N-ethyldiethanolamine, N-butyldiethanolamine,
4-dimethylamino-1-butancl, 2-dimethylamincethanol,

2-diethylaminoethanol, 2-di-n-butylamincethanol, N-ethyl-N-
methylethanolamine, 3-dimethylamino-l-propanol, and
2-dimethylamino-2-methyl-1-propanol, 2) at least one

secondary-diamine first additive selected from the group

consisting of piperazine 2-methylpiperazine,

2,3-dimethylpiperazine, 2,5-dimethylpiperazine,

N,N'—~dimethylethanediamine, N,N'—dimethylpropanediamine,

N,N'-diethylethylenediamine, N,N'—diethylpropanediamine,

N,N'—-diisopropylethylenediamine, and
- 10b -~
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N,N'—ditertiarybutylethanediamine, and 3) at least one

secondary-monoamine secondary additive selected from the

group consisting of 2-ethylaminoethanol, 2-n-
propylaminoethanol, 2-n-butylaminoethanol, 2-n-
pentylaminoethanol, 2-isopropylaminoethanol, 2-sec-

butylaminoethanol, and 2-isobutylaminoethanol; adjusting a
concentration of the secondary-diamine so that an additive
concentration index 1is between 0.05 to 0.5, wherein the

additive concentration index is represented by Formula (I),

§

Additive concentration index = [secondary-diamine acid
dissociation index (pKa)/tertiary-moncamine acid dissociatiocn
index (pKa) ] index ratio x {[secondary~-diamine molar
concentration (mol/L)/tertiary-monocamine molar concentration
(mol/L)] molar ratio . . . (I), wherein an acid dissociation
index is measured at 20°C using water as a solvent, and
adjusting the weight ratio of the secondary monoamine to be
within a range of 0.05 to 0.6 with respect to a total % by
weight of the tertiary monocamine and the secondary diamine.

[0024cC]

In a another aspect, the present invention provides a
device for removing CO, or H;S or both, the device comprising:
an absorption tower which allows a gas containing CO, or H;S
or both to come in contact with the absorbing liquid as
described herein; and a regeneration tower which regenerates

- 10c -
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a solution that absorbs CO; or H,S or both, wherein a solution
regenerated by removing CO; or H,S or both in the regeneration
tower is reused in the absorption tower.

[0024D]

In yet another aspect, the present invention provides a
method for removing CO, or H,S or both, the method comprising:
allowing a gas containing CO; or H;S or both to come in
contact with the absorbing liquid as described herein in an
absorption tower in order to remove CO, or H;S or both;
regenerating a solution that absorbs CO; or H;S or both in a
regeneration tower; and reusing the solution regenerated in
the regeneration tower by removing CO; or H;S or both in the
absorption tower.

[0025]

According tc the present invention, 1t is possible to
determine a suitable concentration range of a secondary
diamine of a first additive with  respect to each

concentration of tertiary monocamine of a main-ingredient

- 10d -
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amine compound by using an additive concentration index
represented by Expression (I). As a result, an absorbing
liquid for reducing the reboiler heat duty of an absorbing
liquid regeneration tower as a CO, recovery energy
consumption {about 10% reduced compared to the
conventional one) is easily selected.

Brief Description of Drawings

[0026]

Fig. 1 is a diagram showing a relationship between
an additive concentration index and a reboiler heat duty
ratio.

Fig. 2 is a diagram showing a relationship between a
tertiary-monoamine molar concentration and a secondary-
diamine molar concentration in an additive concentration
index.

Fig. 3 is a diagram showing a relationship between a
three-component additive concentration index and a

reboiler heat duty ratio.

Fig. 4 1is a diagram showing a relationship between
secondary moncamine/ (tertiary moncamine + secondary
diamine) (weight concentration ratio) and a reboiler heat
duty ratio in the case in which a two-component base is
set to a reference (1) shown in Fig. 1.

Fig. 5 1is a diagram for explaining an example of a

process that carn be adopted in the present invention.
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Description of Embodiments

[0027]

Hereinafter, the present invention will be described
in detail below with reference to the drawings. The
present invention is not limited to these embodiments and
examples. Constitutional components in the embodiments
and the examples include components that those skilled in
the art can easily anticipate, or include components that
are substantially identical with the constitutional
components that those skilled in the art can easily
anticipate.

[0028]

[Embodiment of the Invention]

An absorbing liquid according to an embodiment is an
absorbing liquid which absorbs CO, or H;S or both in a gas,
and contains 1) at least one tertiary-monoamine main agent
selected from a tertiary-monoamine group, and 2) at least
one secondary-diamine first additive selected from a
secondary-diamine group, and the secondary-diamine
concentration is within a range of 0.05 to 0.5 in terms of
the additive concentration index represented by the

following expression (I).

Additive concentration index = [secondary-diamine
acid dissociation index (pKa) /tertiary-monocamine acid
dissociation index (pKa)] 1index ratio x ([secondary-
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diamine molar concentration (mol/L) /tertiary-monocamine
molar concentration {(meol/L)] molar ratio . . . (I)
[0029]

Here, the acid dissociation index is an index for
guantitatively determining the strength of acid and 1is
also referred to as an acid dissociation constant or an
acidity constant. Considering a dissociation reaction in
which hydrogen ions are discharged from acid, the acid
dissociation index is expressed by an equilibrium constant
“Ka” thereof or a negative common logarithm “pKa” thereof.

The acid dissociation index is a numerical value
peculiar to a substance. For example, the acid
dissociation index of piperazine of a secondary diamine is
9.9 (in a case of measuring the acid dissociation index at
20°C using water as a solvent). In addition, the acid
dissociation index of N-methyldiethanolamine (MDEAZA) of a
tertiary monoamine is 8.8 (in a case of measuring the acid

dissociation index at 20°C using water as a solvent).

[0030]

Next, the additive concentration index of Expression
(I) will be described in more detail.

Here, the additive concentration index is defined as
the product of an index ratio between the acid
dissociation index of the secondary diamine and the acid

dissociation index of the tertiary monoamine, and a molar
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ratio between the molar concentration of the secondary
diamine and the molar concentration of the tertiary
monoamine as shown in Expression (I).

Eere, in Expression (I),

the additive concentration index is expressed as “a”,

the index ratio of “secondary-diamine acid
dissociation index (pKa)”/“tertiary-monocamine acid
dissociation index (pKa)” is expressed as “B”,

the secondary-diamine molar concentration is
expressed as “x” (mol/L), and

the tertiary-monoamine molar concentration is
expressed as “y” (mol/L).

[0031]

When these are applied to Expression (I), the
following equation (II) is established.

Additive concentration index (a) = B x (x/y)

(IT)

[0032]

Here, Fig. 1 1s a diagram showing a relationship
between an additive concentration index and a reboiler
heat duty ratio. In Fig. 1, the reboiler heat duty of
monoethanolamine (MEA) of a conventional absorbing liquid
is set to 1 as a reference.

[0033]

In Fig. 1, a relationship between the additive
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concentration index and the reboiler heat duty ratio is
shown in the case in which a tertiary monoamine is used as
a main agent and a secondary diamine is used as a first
additive for an absorbing liguid. Here, for the
conditions for an absorption tower, CO; in an flue gas is
absorbed by an absorbing 1liguid at 40°C and CO, 1is
discharged in an absorbing liquid regeneration tower at
120°C. The partial pressure of CO; in the flue gas is set
to 0.1 atm.

[0034]

As shown in Fig. 1, the additive concentration index
() suitable for reducing a reboiler heat duty is within a
range of 0.05 to 0.5, preferably 0.1 to 0.45, more
preferably 0.15 to 0.4, and even more preferably 0.2 to
0.35.

[0035]

Accordingly, based on the suitable range of the

additive concentration index (o), the range of the
secondary-diamine additive concentration preferable for
reducing a reboiler heat duty in each concentration of
tertiary monoamine is determined from the relationship
between a ratio between secondary-diamine molar
concentration and tertiary-monoamine molar concentration
(x/y) = additive concentration index (a)/index ratio (B)

between secondary-diamine acid dissociation index and
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tertiary-monoamine acid dissociation index as shown by the

following Expression (III).

Molar ratio of (secondary-diamine molar
concentration/tertiary-monocamine molar concentration)
(x/y) = additive concentration index (o)/ index ratio (PB)

of (secondary-diamine acid dissociation index/tertiary-

monoamnine acid dissociation index) . . . (III)

[0036]

Accordingly, regarding the index ratio (B of
(secondary~diamine acid dissociation index/tertiary-

monoamine acic dissociation index), since an acid
dissociation index is a physical property value peculiar
to a compound, by selecting each amine compound, an
additive index range suitable for reducing a reboiler heat
duty, and a molar concentration range of the selected
secondary diamine, suitable for reducing a reboiler heat
duty, 1n each concentration of tertiary monoamine selected
from Expression (III), are determined.

[(0037]

Here, the additive <concentration index (at) is
specified as, for example, “0.3”, which corresponds to the
bottom part of the curve in Fig. 1, and the “y” of the
tertiary-monoamine molar concentration is specified as, “3
mol/L”. B is a ratio between intrinsic constants of the

acid dissociation indices and is separately obtained.
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[0038]
When these are applied to Expression (I), (x/y = 3)
= (a = 0.3)/p is obtained and when x is developed, the

fecllowing Expression (IV) is established.

x = [additive concentration index (a = 0.3) x (y =
3)1/B .« . . (IV)

[0039]

As a result, in the case in which the concentration
of the tertiary-monoamine main agent is specified as, for
example, y = 3 mol, a suitable range of the secondary-
diamine concentration which contributes to reducing a
reboiler heat duty is obtained within the range of the
additive concentration index {(a = 0.05 to 0.5).

[0040]

Specifically, the case 1in which the tertiary
monoamine is N-methyldiethanolamine (MDERD) and the
secondary diamine is piperazine (PZ) will be described.

[0041]

First, the acid dissociation index (pKa) of N-
methyldiethanolamine (MDEA) is 8.8, and the acid
dissociation index (pKa) of piperazine is 9.9 (which are
measured at 20°C using water as a solvent).

[0042]

Accordingly, the index ratio “PB” of piperazine acid

dissociation index (pKa = 9.9)/ MDEA acid dissociation

- 17 -
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index (pKa = 8.8) is 1.1.

[0043]

When this index ratio 1is applied to the case in
which additive concentration index (o) is within a range
of 0.05 to 0.5, and the molar concentration (y) of N-
methyldiethanolamine (MDEA) of the main agent is 3 mol/L,
X {molar concentration) is obtained as follows.

When a is 0.05, x is 0.14, when o is 0.1, x is 0.27,
and when o 1is 0.2, x is 0.55. When o is 0.3, x 1is 0.82,
when a is 0.4, x is 1.1, and when a is 0.5, x is 1.36.

[0044]

Particularly, it is suitable to reduce a reboiler
heat duty near the bottom part of the relation curve in
Fig. 1 (a = 0.3). Since the value of x at this time is
0.82, it 1s preferable that the concentration of the
secondary diamine (piperazine) is 0.82 mol/L.

[0045]

Fig. 2 is a diagram showing a relationship between a
tertiary-monoamine molar concentration and a secondary-
diamine meclar concentration in the additive concentration
index. In Fig. 2, the uppermost dashed line indicates a
case in which the additive concentration index (a) is 0.5,
the lowermost broken line indicates a case in which the
additive concentration index (@) is 0.05, and each line

indicates cases 1n which the additive concentration

- 18 -
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indices (o) are 0.45, 0.35, 0.2, and 0.1, respectively.
When the tertiary-monoamine molar concentration is
specified, within a range between both vertical axes of
the specified molar concentration, a suitable secondary-
diamine molar concentration is obtained.

[0046]

In this manner, while in the related art, the
concentrations of a tertiary monoamine which is a main
agent, and a secondary diamine which is a first additive
are separately obtained, by using the additive
concentration index (a) represented by Expression (I), a
suitable concentration range of a secondary diamine with
respect to each concentration of tertiary monoamine can be
specified. As a result, as shown in the above-described
embodiment, an absorbing liquid for reducing the reboiler
heat duty of an absorbing liquid regeneration tower as a
CO, recovery energy consumption (about 10% reduced
compared to the conventional one) is easily selected.

[0047]

In additicn, the methed for preparing an absorbing
liquid of the present invention is a method for preparing
an absorbing liquid which absorbs CO, or H,S or both in a
gas, and 1includes a tertiary-monocamine concentration
specifying process of specifying a tertiary-monoamine

concentration to a predetermined concentration (preferably
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within a range of 1 to 5.5 mole/L) using 1) at least one
tertiary-monoamine main agent selected from a tertiary-
monoamine group and 2) at least one secondary-diamine
first additive selected from a secondary-diamine group,
and a secondary-diamine concentration determining process
of determining the secondary-diamine concentration in the
specified tertiary-monoamine concentration to be within a
range of 0.05 to 0.5 in terms of the additive

concentration index represented by Expression (I).

Additive concentration index = [secondary-diamine
acid dissociation index (pKa) /tertiary-moncamine acid
dissociation index (pKa)] index ratio x ([secondary-
diamine molar concentration (mol/L) /tertiary-monoamine
molar concentration (mcl/L)] meolar ratio . . . (I)

[0048]

In the related art, since the concentrations of a
tertiary monoamine which is a main agent, and a secondary
diamine which 1is a first additive are separately
determined, 1in order to reduce a reboiler heat duty, a
process of trial and error 1is repeated to determine
formulation. In contrast, by performing the method for
preparing an absorbing liquid, a suitable concentration
range of the secondary diamine of the first additive with
respect to each concentration of tertiary monoamine of the

main-ingredient amine compound can be specified by using
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the additive concentration index (o) represented by

Expression (I). As a result, as shown 1in the above-
described embodiment, an absorbing liquid for reducing a
reboiler heat duty of an absorbing liquid regeneration
tower as a COp recovery energy consumption (about 10%
reduced comparasd to the conventional one) is easily
selected.

[0049]

Here, the total sum of the tertiary monoamine and
the secondary diamine is preferably 10% to 70% by weight
with respect to the total absorbing liquid.

This is because, since in the case in which the
amine concentration is as low as less than 10% by weight,
the absorbing liquid is mainly composed of water and thus
the CO; absorption effect by the amine absorbent is weak
to increase the flow rate of the absocrbing liquid, and in
the case in which the amine concentration is as high as
more than 70% by weight, the flow rate of the absorbing
liquid increases due to regeneration performance
degradation or the 1like, energy saving properties are
deteriorated in both cases.

[0050]

Here, it 1s preferable that the tertiary monoamine
is a compound represented by the following Chemical

Formula (1).
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|
Ri—N—R; (1)

Here, R; represents a hydrocarbon grcup having 1 toc 4
carbon atoms, Ry represents a hydrocarbon group or a
hydroxyalkyl group having 1 to 4 carbon atoms, and Rj
represents a hydrocarbon group or a hydroxyalkyl group
having 1 to 4 carbon atoms.

[0051]

Specific examples of the tertiary monocamine include

N-methyldiethanolamine, N-ethyldiethanclamine, N-
butyldiethanolamine, 4-dimethylamino-1-butanol, 2-
dimethylaminoethanol, 2-diethylaminocethanol, 2-di-n-
butylaminocethanol, N-ethyl-N-methylethanolamine, 3-

dimethylamino-l-propanol, and 2-dimethylamino-Z-methyl-1-
propanol, and the present invention is not limited thereto.

[0052]

Examples of the secondary diamine include a compound
selected from at least one kind of piperazine derivatives,
2-methylpiperazine, 2,3-dimethylpiperazine, 2,5-
dimethylpiperazine, N,N'—dimethylethanediamine,
N,N'—dimethylpropanediamine, N,N'-diethylethylenediamine,
N,N'—diethylpropanediamine,
N,N'—diisopropylethylenediamine, and

N,N'—ditertiarybutylethanediamine, and the present

- 22 -
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invention is not limited thereto.

Among these, a piperazine derivative is preferable.

[0053]

Specific examples of the piperazine derivative
include a compound selected from at least one kind of
piperazine, 2-methylpiperazine, and 2,5-dimethylpiperazin,
and the present invention is not limited thereto.

[0054]

In addition, the abscrbing liquid of the present
invention 1s not 1limited to a two-compcnent composite
amine absorbing liquid including a main agent and an
additive and may be a three-component composite amine
absorbing liquid including a first additive and a second
additive as additives.

[0055]

Specifically, as the second additive component to be
added to the two-component absorbent, a secondary
monoamine can be used.

Fig. 3 is a diagram showing a relationship between a
three-component additive concentration index and a
reboiler heat duty ratio. Here, in Fig. 3, the reboiler
heat duty of monoethanolamine (MEA) of a conventional
absorbing liquid is set to 1 as a reference.

[0056]

In Fig. 3, in the case in which a tertiary monocamine

- 23 -
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is used as a main agent, a secondary diamine 1s used as a
first additive, and a secondary monoamine 1is used as a
second additive for the absorbing liquid, the relationship
between the additive concentration index and the reboiler
heat duty ratio is shown. Here, for the conditions for an
absorption tower, CO, in an flue gas is abscrbed by an
absorbing liquid at 40°C and CO, is discharged in an
absorbing liquid regeneration tower at 120°C. The partial
pressure of CO, in the flue gas is set to 0.1 atm.

[0057]

As shown in Fig. 3, the additive ccncentration index
(o) suitable for reducing a reboiler heat duty is within a
range of 0.05 to 0.5, preferably 0.1 to 0.45, and more
preferably 0.15 to 0.4.

[0058]

Here, the secondary monoamine is preferably a

compound represented by the following Chemical Formula (2).

H
|

R4"‘ N "“Rs (2)

Here, R, represents a hydrocarbon group having 1 to 4
carbon atoms, and Rs represents a hydroxyalkyl group
having 1 to 4 carbon atoms.

[0059]

Specific examples of the secondary monoamine include



CA 02967909 2017-05-15

Docket No. PMHA-16134-PCT

a compound selected from at least one kind of 2-

methylaminoethanol, 2-ethylaminoethanol, 2-n-
propylaminoethanol, 2-n-butylaminoethanol, 2-n-
pentylaminoetharol, 2—-isopropylaminoethanol, 2-sec-

butylaminoethanol, and 2-isobutylaminoethanol, and the
present invention is not limited thereto.

[0060]

Here, the total sum of the tertiary monoamine, the
secondary diamine and the secondary  monoamine is
preferably 10% to 70% by weight with respect to the total
absorbing liguid.

This is because, since in the case in which the
amine concentration is as low as less than 10% by weight,
the absorbing liquid is mainly composed of water and thus
the CO2 absorption effect by the amine absorbent is weak
to increase the flow rate of the absorbing liguid, and in
the case in which the amine concentration is as high as
more than 70% by weight, the flow rate cf the absorbing
liquid increases due to regeneration performance
degradation or the 1like, energy saving properties are
deteriorated in both cases.

{00611

Fig. 4 1is a diagram showing a relationship between
secondary monoamine/ (tertiary monoamine + secondary

diamine) (weight concentration ratio) and a reboiler heat
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duty ratio in the case in which a two-component base is
set to a reference (1) shown in Fig. 1.

[0062]

As shown in Fig. 4, the wvalue of secondary
monoamine/ (tertiary monoamine + secondary diamine) (weight
concentration ratio) is within a range of 0.05 to 0.6,
preferably 0.1 to 0.5, and more preferably 0.15 to 0.45.

As a result, the weight ratio of the secondary
monoamine is preferably within a range of 0.05 to 0.6 with
respect to the total sum of the tertiary moncamine and the
secondary diamine (% by weight).

[0063]

In the <case of adding the secondary monoamine,
similar to the two-component absorbing liquid, first, the
molar concentration of the tertiary moncamine as the main-
ingredinetn compound is specified and then a secondary-
diamine molar concentration which contributes to reducing
a reboiler heat duty is determined by using the additive

concentration index (a). Then, the weight ratio of the
secondary monoamine is determined such that the amount to
be added is within a range of 0.05 to 0.6 with respect to
the total sum of the tertiary monoamine and the secondary
diamine (% by weight).

[0064]

In the related art, various molar concentrations for

- 26 -



CA 02967909 2017-05-15

Docket No. PMHA-16134-PCT

a three-component absorbing 1liquid are selected and a
process of trial and error 1s repeated to determnine
formulation. In contrast, by using the additive
concentration index (o) represented by expression (I), a
suitable concentration of the secondary diamine as the
first additive with respect to each concentration of
tertiary monoamine of the main-ingredient amine compound
can be specified and further a suitable addition range of
the second monoamine of the secondary additive can be
specified. As a result, an absorbing liquid for reducing
the reboiler heat duty of an absorbing liguid regeneration
tower as a co, recovery energy consumption 1is easily
selected.

[0065]

For the absorbing liquid of the present invention, a
process that can be adopted in the method for removing CO;
or H,S or both in a flue gas is not particularly limited
and an example thercof will be described with reference to
Fig. 5. 1In the example, CO, in a flue gas is exemplified
as an object to be removed.

[0066]

Fig. 5 shows only main equipment and additional
equipment is not shown. 1In Fig. 5, the reference numeral
1 denotes a CO, absorption tower, the reference numeral 2

denotes a lower packed bed, the reference numeral 3
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denotes an upper packed bed or a tray, the reference
numeral 4 denotes a flue gas inlet of the CO; absorption
tower 1, the reference numeral 5 denotes a decarbonated
flue gas outlet, the reference numeral ©6 denotes an
absorbing liquid inlet, the reference numeral 7 denotes
liguid dispersers, the reference numeral 8 denotes a flue
gas cooler provided as required, the reference numeral 9
denotes liquid dispersers, the reference numeral 10
denotes a packed bed, the reference numeral 11 denotes a
coolant circulation pump, the reference numeral 12A
denotes a makeup-water supply line, the reference numeral
12B denotes a wastewater discharge line, the reference
numeral 13 denotes an absorbing ligquid discharge pump for
an absorbing liquid in which CO; 1is absorbed, the
reference numeral 14 denotes a heat exchanger, the
reference numeral 15 denctes an absorbing liguid
regeneration tower, the reference numeral 16 denotes
liquid dispersers, the reference numeral 17 denotes a
lower packed bked, the reference numeral 18 denotes a
reboiler, the reference numeral 19 denotes an upper packed
bed, the reference numeral 20 denotes a reflux-water pump,
the reference numeral 21 denotes a CO, separator, the
reference numeral 22 denotes a recovered CO; exhaust line,
the reference numeral 23 denotes a regeneration tower

reflex cooler, the reference numeral 24 denotes liquid
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dispersers, the reference numeral 25 denotes a
regeneration tower reflux-water supply line, the reference
numeral 26 denotes a flue gas supply blower, the reference
numeral 27 denotes a cooler, the reference numeral 28
denotes a regeneration tower reflux-water inlet, and the
reference numeral 30 denotes a flue gas.

[0067]

In Fig. 5, the flue gas 30 is squeezed into the flue
gas cooler 8 by the flue gas blower 26, comes into contact
with a coolant from the liquid dispersers 9 in the packed
bed 10, cooled, and led to the CO; absorption tower 1
through the flue gas inlet 4 of the CO; absorption tower 1.
The coolant coming into contact with the flue gas 30
accumulates in a lower part of the flue gas cooler 8, 1s
circulated to the 1liquid dispersers 9 by the coolant
circulation pump 11 and used. Here, in the case in which
the amount of moisture in the flue gas 30 is small, since
the coolant is gradually lost by humidifying and cooling
the flue gas, the coolant is filled by the makeup-water
supply line 12A. In the case in which the amount of
moisture in the flue gas 30 is large, the moisture in the
flue gas is condensed by the contact with the coolant and
thus the amount of the coolant increases. Thus, an
excessive amount of wastewater 1is discharged from the

wastewater discharge line 12B.
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[0068]

Next, the flue gas 30 squeezed into the CO;
absorption tower 1 is brought into counter-contact with an
absorbing ligquid of a predetermined concentration supplied
from the liquid dispersers 7 in the lower packed bed 2.
CO, in the CO, flue gas 30 is absorbed and removed by the
absorbing liquid and a decarbonated flue gas 31 flows to
the upper packed bed 3. The absorbing liquid supplied to
the CO, absorption tower 1 absorbs CO; and the temperature
of the absorbirg liguid usually rises to be higher than
temperature in the absorbing liquid inlet 6 because of
reaction heat due to the absorption. The absorbing liquid
is sent to the heat exchanger 14 by the absorbing liquid
discharge pump 13 for an absorbing liquid in which CO; is
absorbed, heated and led to the absorbing liquid
regeneration tower 15, It 1s possible to perform
temperature adjustment for the regenerated absorbing
liquid using the heat exchanger 14 or the cooler 27
provided between the heat exchanger 14 and the absorbing
liquid inlet 6 as required.

[0069]

In the absorbing liguid regeneration tower 15, the
absorbing liquid is regenerated in the lower packed bed 17
according to heating by the reboiler 18, cooled by the

heat exchanger 14, and returned to the CO, absorption
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tower 1. In the upper part of the absorbing ligquid
regeneration tower 15, CO, separated from the absorbing
liquid comes into contact with a reflux water supplied
from the liquid dispersers 24 in the upper packed bed 19
and ccoled by the regeneration tower reflux cooler 23.
Water vapor accompanying CO, 1is separated from the
condensed reflux water by the CO;, separator 21 and led to
a CO, recover process from the recovered CO; exhaust line
22,

The reflux water 1is partially refluxed to the
absorbing ligquid regeneration tower 15 by the reflux water
pump 20 and partially supplied to the regeneration tower
reflux-water 1inlet 28 of the CO, absorption tower 1
through the regeneration tower reflux-water supply line 25.
Since a small guantity of absorbing ligquid is contained in
this regenerated reflux water, the absorbing liguid comes
into contact with an flue gas in the upper packed bed 3 of
the CO, absorption tower 1 and contributes to recovery of
a small quantity of absorbent contained in the
decarbonated flue gas 31.

Reference Signs List
[0070]
1: CO, absorption tower

15: absorbing liquid regeneration tower
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CLAIMS:

[Claim 1]

An absorbing liquid which absorbs CO, or H»S or both
contained in a gas, the absorbing liquid comprising:

1) at least one tertiary-monocamine main agent selected
from the group consisting of N-methyldiethanolamine N-
ethyldiethanolamine, N-butyldiethanolamine, 4-dimethylamino-1-
butanol, 2-dimethylaminoethanol, 2-diethylaminoethanol, 2-di-n-
butylaminoethanol, N-ethyl-N-methylethanolamine, 3-
dimethylamino-l-propanol, and 2-dimethylamino-2-methyl-1-
propanol,

2) at least one secondary-diamine first additive selected
from the group consisting of piperazine, 2-methylpiperazine,
2,3—-dimethylpiperazine, 2,5-dimethylpiperazine,
N,N'—dimethylethanediamine, N,N'—dimethylpropanediamine, N,N'-
diethylethylenediamine, N,N'—diethylpropanediamine,
N,N'—diisopropylethylenediamine, and
N,N'—ditertiarybutylethanediamine, and

3) at least one secondary-monoamine secondary additive
selected from the group consisting of 2-ethylaminocethanol, 2-n-
propylaminoethanol, 2-n-butylaminocethanol, 2-n-
pentylaminoethanol, 2-isopropylaminoethanol, 2-sec-
butylaminoethanol, and 2-isobutylaminoethanol;

wherein a concentration of the secondary-diamine is
calculated so that an additive concentration index is between
0.05 to 0.5, wherein the additive concentration index is
represented by Formula (I),

Additive concentration index = [secondary-diamine acid

dissociation index (pKa)/tertiary-monoamine acid dissociation

index (pKa) 1] index ratio X [secondary-diamine molar
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concentration (mol/L)/tertiary-monoamine molar concentration
(mol/L)] molar ratio . .« .{I), wherein an acid dissociation
index is measured at 20°C using water as a solvent, and

wherein the weight ratio of the secondary monocamine 1s

within a range of 0.05 to 0.6 with respect to a total % by weight

of the tertiary monoamine and the secondary diamine.

[Claim 2]

The absorbing ligquid according to claim 1,

wherein the total sum of the tertiary monoamine, the
secondary diamine and the secondary monoamine is 10% to 70% by

weight with respect to the total absorbing liquid.

[Claim 3]

A method for preparing an absorbing liguid which absorbs
CO» contained in a gas, the method comprising:

preparing a tertiary-monoamine concentration to a
predetermined concentration within a range of 1 to 5.5 mol/L,
using

1) at least one tertiary-monoamine main agent selected
from the group consisting of N-methyldiethanolamine, N-
ethyldiethanolamine, N-butyldiethanolamine, 4-dimethylamino-1-
butanol, 2-dimethylaminoethanol, 2-diethylaminoethanol, 2-di-n-
butylaminoethanol, N-ethyl-N-methylethanolamine, 3-
dimethylamino-l-propanol, and 2-dimethylamino-2-methyl-1-
propanol,

2) at least one secondary-diamine first additive selected
from the group consisting of piperazine 2-methylpiperazine,
2,3-dimethylpiperazine, 2,5-dimethylpiperazine,
N,N'—dimethylethanediamine, N,N'—dimethylpropanediamine, N,N'-

diethylethylenediamine, N,N'—diethylpropanediamine,
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N,N'—diisopropylethylenediamine, and
N,N'—ditertiarybutylethanediamine, and

3) at least one secondary-monoamine secondary additive
selected from the group consisting of 2-ethylaminoethanol, 2-n-
propylaminoethanol, 2-n-butylaminocethanol, 2-n-
pentylaminocethanol, 2-isopropylamincethanol, 2-sec-
butylaminoethanol, and 2-isobutylaminoethanol;

adjusting a concentration of the secondary-diamine so that
an additive concentration index is between 0.05 to 0.5, wherein
the additive concentration index is represented by Formula (I),

Additive concentration index = [secondary-diamine acid
dissociation index (pKa)/tertiary-monoamine acid dissociation
index (pKa) 1] index ratio X [secondary-diamine molar
concentration (mol/L)/tertiary-monoamine molar concentration
(mol/L)] molar ratio . . . (I), wherein an acid dissociation
index is measured at 20°C using water as a solvent, and

adjusting the weight of the secondary monocamine to be
within a range of 0.05 to 0.6 with respect to a total % by

weight of the tertiary monoamine and the secondary diamine.

[Claim 4]

The method for preparing an absorbing ligquid according to
claim 3,

wherein the total sum of the tertiary monoamine, the
secondary diamine and the secondary monoamine is 10% to 70% by

weight with respect to the total absorbing liquid.

[Claim 5]
A method for removing CO, or H;S or both, the method
comprising:

allowing a gas containing CO; or HzS or both to come in
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contact with an absorbing liquid according to claim 1 or 2 in an
absorption tower in order to remove CO, or H»S or both;
regenerating a solution that absorbs C0O, or H»S or both in

a regeneration tower; and
reusing the solution regenerated in the regeneration tower

by removing COz; or H2S or both in the absorption tower.
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FIG. 2
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FIG. 3
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FIG. 4
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