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AA  Carbon dioxide recovery device
BB 002 absorption column (countercurrent flow column)

cc 002 release column

DD Exhaust gas
EE  Cooling water
FF  Recovered CO2

GG  Water vapor

HH  Absorption solution purifying device
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JJ Waste fluid

(57) Abstract: The present invention relates to a device and method for recovering carbon dioxide (also indicated as CO,
below) contained in combustion exhaust gas, more specifically, a device and method for reactively absorbing CO, con-
tained in combustion exhaust gas into an amine compound-containing absorption solution, a device and method that allows
CO; contained in the amine compound-containing absorption solution to be released therefrom, a device and method for
evaporation separation of impurities contained in the amine compound-containing absorption
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solution, a device and method for performing a pretreatment such as desulfurization, dust removal and cooling on com-
bustion exhaust gas, and a carbon dioxide recovery device and carbon dioxide recovery method using above devices and
methods.
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages
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X WO 2005/077506 Al
Y 2005, page 1, lines 3-17,
1, 18 & US 2007/0205523 A1,
[0006], [0103]1-[0105],
CN 1917937 A
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[0036], fig.

(ANEMOS COMPANY LTD.)
page 14,
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fig. 1,
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cited to establish the publication date of another citation or other
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“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family
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2009/154643 A2 & EP 2197574 A2 & CN 101848761 A

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2012-213752 A (ANEMOS COMPANY LTD.) 08 November 1-2
2012, entire text (Family: none)
A JP 2008-168262 A (ANEMOS COMPANY LTD.) 24 July 1-2
2008, entire text & US 2008/0169576 Al & DE
102008004144 A & CN 101279176 A
A JP 7-284642 A (KOJIMA, Hisao) 31 October 1995, 1-2
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. I:' Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:' Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet

L. I:' As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

additional fees.

3. I:' As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. & No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1—2

Remark on Protest I:' The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

I:' The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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Continuation of Box IIT

Document 1: WO 2005/077506 Al (ANEMOS COMPANY LTD.) 25 August 2005, page 1,
lines 3-17, page 14, lines 9-33, fig. 1, 18 & US 2007/0205523 Al, paragraph
[0003]-[0006], [0103]-[0105], fig. 1, 18, & EP 1716917 Al & CN 1917937 A

The invention in claim 1, the invention in claim 3, the invention in
claim 9, and the invention in claim 11 do not share a technical feature.

In addition, the invention in c¢laim 1 and the invention in claim 17
share the technical feature of a “CO2 absorption tower in which C0O2 contained
in combustion exhaust gas 1is reactively absorbed into an amine compound-
containing absorbing liquid, the CO2 absorption tower comprising a combustion
exhaust gas inlet port for introducing combustion exhaust gas into the CO2
absorption tower, a combustion exhaust gas outlet port for discharging the
combustion exhaust gas from the COZ absorption tower, an absorbing liquid
inlet port for introducing the amine compound-containing absorbing liquid
into the C0O2 absorption tower, an absorbing liquid outlet port for
discharging the amine compound-containing absorbing liquid from the CO2
absorption tower, and a filler that is a static mixer having a helical porous
blade, wherein the filler is disposed between the combustion exhaust gas
inlet port and the combustion exhaust gas outlet port, and between the
absorbing liquid inlet port and the absorbing liquid outlet port”.

Meanwhile, document 1 discloses, on page 1, lines 3-17, page 14, lines
9-33, fig. 1, 18, etc., a static fluid mixer having a helical blade body
formed of a porous body as a static fluid mixer for use in an exhaust gas
treatment apparatus which is an absorption tower type utilizing gas—-liquid
contact, and discloses that the gas (FA) and the liquid (FB) descending in
the absorption tower 144 flow concurrently through the mixing element 146 and
are mixed with each other. Although document 1 does not explicitly mention
the use of an amine compound-containing absorbing liquid as a CO2 absorbing
liquid, said feature is a well-known technical feature.

Thus, said technical feature shared by the invention in claim 1 and the
invention in claim 17 does not make a contribution over the prior art in
light of the disclosure of document 1, and thus cannot be said to be a
special technical feature. In addition, there do not exist other identical or
corresponding special technical features between these inventions. In
addition, the claims are classified into the 5 inventions having the special
technical features below, respectively.

(Invention 1) Claims 1-2

A carbon dioxide recovering apparatus comprising a CO2 absorption
tower, in which CO2 contained in combustion exhaust gas 1is reactively
absorbed into an amine compound-containing absorbing liquid, and at least one
cooler selected from the group consisting of a first cooler for cooling the
amine compound-containing absorbing liquid, and a second cooler for cooling a
liquid different from the amine compound-containing absorbing liquid, wherein

the CO2 absorption tower 1is provided with a combustion exhaust gas
inlet port for introducing the combustion exhaust gas into the CO2 absorption
tower, a combustion exhaust gas outlet port for discharging the combustion
exhaust gas from the CO2 absorption tower, an absorbing liquid inlet port for
introducing the amine compound-containing absorbing liquid into the CO2
absorption tower, an absorbing liquid outlet port for discharging the amine
compound-containing absorbing liquid from the C0O2 absorption tower, and a
filler that is a static mixer having a helical porous blade, wherein said
filler is disposed between the combustion exhaust gas inlet port and the
combustion exhaust gas outlet port, and between the absorbing liquid inlet
port and the absorbing liquid outlet port,
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the first cooler includes an absorbing liquid recovery port for
recovering the amine compound-containing absorbing liquid from the CO2
absorption tower, and an absorbing liquid supply port for supplying the amine
compound-containing absorbing liquid to the C0O2 absorption tower, wherein the
absorbing liquid recovery port is connected, to the C0O2 absorption tower, at
a position downstream of the filler in the flow direction of the amine
compound-containing absorbing liquid flowing from the absorbing liquid inlet
port toward the absorbing liquid outlet port, and the absorbing liquid supply
port is connected, to the CO2 absorption tower, at a position upstream of the
filler in the flow direction of the amine compound-containing absorbing
liquid, and

the second cooler includes a liquid supply port for supplying the
liquid, to be brought into contact with the combustion exhaust gas, to the
CO2 absorption tower, and a liquid recovery port for recovering the liquid,
contacted with the combustion exhaust gas, from the COZ absorption tower,
wherein the liquid supply port and the liquid recovery port are connected, to
the CO2 absorption tower, at a position downstream of the filler in the flow
direction of the combustion exhaust gas flowing from the combustion exhaust
gas inlet port toward the combustion exhaust gas outlet port.

(Invention 2) Claims 3-8

An amine compound-containing absorbing liquid regenerating apparatus
comprising a CO02 stripping tower for stripping CO2 contained in an amine
compound-containing absorbing liquid from the amine compound-containing
absorbing liquid, and at least one selected from the group consisting of a
first heater for heating the amine compound-containing absorbing liquid, and
a second heater for heating the amine compound-containing absorbing liquid to
generate steam, wherein

the C0O2 stripping tower is provided with an absorbing liquid inlet port
for introducing the amine compound-containing absorbing liquid into the CO2
stripping tower, an absorbing liquid outlet port for discharging the amine
compound-containing absorbing liquid from the C0O2 stripping tower, a steam
inlet port for introducing steam into the C0O2 stripping tower, a CO2 outlet
port for discharging C0O2 from the CO2 stripping tower, and a filler that is a
static mixer having a helical porous blade, wherein the filler is disposed
between the absorbing liquid inlet port and the absorbing liquid outlet port
and between the steam inlet port and the CO2 outlet port,

the first heater comprises an absorbing liquid recovery port for
recovering the amine compound-containing absorbing liquid from the CO2
stripping tower, and an absorbing liquid supply port for supplying the amine
compound-containing absorbing liquid to the CO2 stripping tower, wherein the
absorbing liquid recovery port is connected, to the CO2 stripping tower, at a
position downstream of the filler in the flow direction of the amine
compound-containing absorbing liquid flowing from the absorbing liquid inlet
port toward the absorbing liquid outlet port,

the second heater comprises an absorbing liquid recovery port for
recovering the amine compound-containing absorbing liquid from the CO2
stripping tower, and a steam supply port for supplying the steam to the CO2
stripping tower, wherein the absorbing liquid recovery port is connected, to
the CO2 stripping tower, at a position downstream of the filler in the flow
direction of the amine compound-containing absorbing liquid, and the steam
supply port is connected to the steam inlet port of the CO2 stripping tower.
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The invention of claims 3-8 is not an invention in the same category
that includes all of the matters specifying the invention of claim 1. As a
result of examining the claims classified as invention 1, it is found that
the invention of claims 3-8 is not an invention that can be examined without
additional prior art search and judgment. There is no reason to think that it
would be more efficient to examine the invention of claims 3-8 together with
the invention of c¢laims 1-2. Thus, c¢laims 3-8 cannot be classified as
invention 1.

(Invention 3) claims 9-10

An amine compound-containing absorbing liquid purifying apparatus
comprising an evaporation tank for evaporating and separating impurities
contained in an amine compound-containing absorbing liquid from the amine
compound-containing absorbing liquid, the evaporation tank being provided
with a heating jacket disposed outside the evaporation tank, a superheated
steam preventing device that decreases the temperature and pressure of the
steam supplied to the heating jacket as a heat source, a gas-liquid separator
for recovering the amine compound-containing absorbing liquid that 1is
evaporated and separated <from the impurities, and a depressurizer for
depressurizing the interior of the evaporation tank, wherein

the evaporation tank comprises an absorbing liquid inlet port for
introducing the amine compound-containing absorbing ligquid into the
evaporation tank, an absorbing liquid outlet port for discharging the amine
compound-containing absorbing liquid evaporated and separated from the
impurities, a steam inlet port for introducing steam into the CO2 stripping
tower, a CO2 outlet port for discharging CO2 from the CO2 stripping tower,
and an impurity outlet port for discharging the impurities, evaporated and
separated from the amine compound-containing absorbing liquid, from the
evaporation tank,

the gas-liquid separator comprises an absorbing liquid inlet port for
introducing the amine compound-containing absorbing liquid, evaporated and
separated from the impurities, into the gas-liquid separator, a gas outlet
port for discharging the separated gas, and a liquid outlet port for
discharging the separated liquid,

the depressurizer is connected to the evaporation tank through the
absorbing liquid inlet port of the gas-liquid separator, the gas outlet port
of the gas-liquid separator, and the absorbing liquid outlet port of the
evaporation tank, and

the superheated steam preventing device is connected to the heating
jacket.

The invention of c¢laims 9-10 is not an invention in the same category
that includes all of the matters specifying the invention of claim 1. As a
result of examining the claims classified as invention 1 or 2, it is found
that the invention of claims 9-10 is not an invention that can be examined
without additional prior art search and judgment. There is no reason to think
that it would be more efficient to examine the invention of claims 9-10
together with the invention of claims 1-2 or the invention of claims 3-8.
Thus, claims 9-10 cannot be classified as invention 1 or 2.

(Invention 4) Claims 11-16

A combustion exhaust gas pretreatment apparatus provided with a
pretreatment tower that desulfurizes, removes dust, and cools combustion
exhaust gas, wherein

Form PCT/ISA/210 (extra sheet) (January 2015)
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the pretreatment tower comprises a combustion exhaust gas inlet port
for introducing the combustion exhaust gas into the pretreatment tower, a
combustion exhaust gas outlet port for discharging the combustion exhaust gas
from the pretreatment tower, a desulfurized liquid inlet port for introducing
desulfurized liquid into the pretreatment tower, a desulfurized liquid outlet
port for discharging the desulfurized liquid from the pretreatment tower, and
a filler that is a static mixer having a helical porous blade, wherein the
filler is disposed between the combustion exhaust gas inlet port and the
combustion exhaust gas outlet port and between the desulfurized liquid inlet
port and the desulfurized liquid outlet port, and

the combustion exhaust gas inlet port is disposed on an upstream side
of the filler in the flow direction of the combustion exhaust gas flowing
from the desulfurized liquid inlet port toward the desulfurized liquid outlet
port, and the desulfurized liquid inlet port is disposed on the upstream side
of the filler in the flow direction of the combustion exhaust gas flowing
from the combustion exhaust gas inlet port toward the combustion exhaust gas
outlet port.

The invention of claims 11-16 is not an invention in the same category
that includes all of the matters specifying the invention of claim 1. As a
result of examining the claims classified as invention 1, 2, or 3, it 1is
found that the invention of c¢laims 11-16 is not an invention that can be
examined without additional prior art search and Jjudgment. There is no reason
to think that it would be more efficient to examine the invention of claims
11-16 together with the invention of claims 1-2, the invention of claims 3-8,
or the invention of c¢laims 9-10. Thus, claims 11-16 cannot be classified as
invention 1, 2, or 3.

(Invention 5) Claims 17-22
A carbon dioxide recovering apparatus comprising:

a CO2 absorption tower for reactively absorbing CO2 contained in
combustion exhaust gas into an amine compound-containing absorbing liquid,
the CO2 absorption tower being provided with a combustion exhaust gas inlet
port for introducing combustion exhaust gas into the CO2 absorption tower, a
combustion exhaust gas outlet port for discharging the combustion exhaust gas
from the CO2 absorption tower, an absorbing liquid inlet port for introducing
the amine compound-containing absorbing liquid into the CO2 absorption tower,
an absorbing liquid outlet port for discharging the amine compound-containing
absorbing liquid from the CO2 absorption tower, and a filler that is a static
mixer having a helical porous blade, wherein the filler is disposed between
the absorbing liquid inlet port and the absorbing liquid outlet port and
between the absorbing liquid inlet port and the absorbing liquid outlet port;

a C02 stripping tower for stripping CO2 contained in the amine
compound-containing absorbing liquid from the amine compound-containing
absorbing liquid, the CO2 stripping tower being provided with an absorbing
liguid inlet port for introducing the amine compound-containing absorbing
liquid into the COZ stripping tower, an absorbing liquid outlet port for
discharging the amine compound-containing absorbing liquid from the CO2
stripping tower, a steam inlet port for introducing steam into the CO2
stripping tower, a CO2 outlet port for discharging C0O2 from the C0O2 stripping
tower, and a filler that is a static mixer having a helical porous blade,
wherein the filler is disposed between the absorbing liquid inlet port and
the absorbing liquid outlet port and between the steam inlet port and the CO2
outlet port;
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an evaporation tank for evaporating and separating impurities contained
in the amine compound-containing absorbing liquid from the amine compound-
containing absorbing liquid, the evaporation tank being provided with an
absorbing liquid inlet port for introducing the amine compound-containing
absorbing liquid into the evaporation tank, an absorbing ligquid outlet port
for discharging the evaporated and separated amine compound-containing
absorbing liquid from the evaporation tank, an impurity outlet port for
discharging the impurities evaporated and separated from the amine compound-
containing absorbing ligquid from the evaporation tank, and a heating jacket
disposed outside the evaporation tank;

a gas—-liquid separator for recovering an amine compound-containing
absorbing liquid evaporated and separated from the impurities in the
evaporating tank, the gas-liquid separator being provided with an absorbing
liquid inlet port for introducing the amine compound-containing absorbing
liguid evaporated and separated from the impurities into the gas-liquid
separator, a gas outlet port for discharging the separated gas, and a liquid
outlet port for discharging the separated liquid;

a depressurizer for depressurizing the interior of the evaporation
tank, the depressurizer being connected to the evaporation tank wvia the
absorbing liquid inlet port of the gas-liquid separator, the gas outlet port
of the gas-liquid separator, and the absorbing liquid outlet port of the
evaporation tank;

a first heat exchanger for heating the amine compound-containing
absorbing liquid, introduced into the C0O2 stripping tower, by heat exchange
with the amine compound-containing absorbing liquid flowing from the
absorbing liquid outlet port of the C0O2 stripping tower to the absorbing
liguid inlet port of the CO2 absorption tower, the first heat exchanger being
provided with an absorbing liquid recovery port for recovering the amine
compound-containing absorbing liquid from the C0O2 stripping tower, and an
absorbing liquid supply port for supplying the amine compound-containing
absorbing liquid to the CO2 stripping tower, wherein the absorbing liquid
recovery port and the absorbing liquid supply port are connected, to the CO2
stripping tower, at a position downstream of the filler in the flow direction
of the amine compound-containing absorbing liquid flowing from the absorbing
liquid inlet port of the CO2 diffusion tower to the absorbing liquid outlet
port; and

a second heat exchanger for exchanging heat between the amine compound-
containing absorbing liquid flowing from the absorbing liquid outlet port of
the CO2 stripping tower to the absorbing liquid inlet port of the CO2
absorption tower, and the amine compound-containing absorbing liquid flowing
from the absorbing liquid outlet port of the CO2 absorption tower to the
absorbing liquid inlet port of the CO2Z stripping tower,
wherein the absorbing liquid outlet port of the C0O2 stripping tower is
connected to the absorbing liquid inlet port of the CO2 absorption tower via
the first heat exchanger and the second heat exchanger, the absorbing liquid
outlet port of the CO2 absorption tower is connected to the absorbing liquid
inlet port of the CO2 stripping tower via the second heat exchanger, and the
liqguid outlet port of the gas-liquid separator is connected to the absorbing
liquid inlet port of the CO2Z2 absorption tower.

The invention of claims 17-22 is not an invention in the same category
that includes all of the matters specifying the invention of claim 1. As a
result of examining the claims classified as invention 1, 2, 3, or 4, it is
found that the invention of claims 17-22 is not an invention that can be
examined without additional prior art search and Jjudgment. There is no reason
to think that it would be more efficient to examine the invention of claims
17-22 together with the invention of claims 1-2, the invention of claims 3-8,
the invention of claims 9-10, or the invention of claims 11-16. Thus, claims
17-22 cannot be classified as invention 1, 2, 3, or 4.
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