[Document Name] SPECIFICATION
[Title of the invention] Air separation apparatus
[Technical Field]

[0001]

The present disclosure relates to an air separation apparatus. In
particular, the present disclosure relates to an air separation
apparatus comprising a crude argon rectification column and a pure
argon rectification column.

[Background Art]

[0002]

Conventionally, an oxygen-rich gas-liquid substance containing argon
extracted from an air separation apparatus is fed to an argon
rectification column from which high-purity product argon liquid is
extracted.

Patent Documents 1 and 2 describe an air separation apparatus
comprising: a first rectification column having a first condenser, a
second rectification column, a crude argon rectification column having
a second condenser, and a pure argon rectification column.

Patent Documents 3, 4 and 5 describe an air separation apparatus
comprising: a first rectification column having a first condenser, a
second rectification column, and a crude argon rectification column
having a second condenser.

[0003]

A pure argon rectification column is provided in Patent Documents 1
and 2, but there is no description of a waste gas used in the pure
argon rectification column. Patent Documents 3-5 all relate to an air
separation apparatus that does not have a pure argon rectification
column.

[Prior Art Documents]
[Patent Documents]
[0004]
[Patent Document 1] JP 6557763 B1
[Patent Document 2] JP 2021-110466 A
[Patent Document 3] JP 6440232 B1
[Patent Document 4] US 2019/0293347 At
[Patent Document 5] JP 2004-251569 A
[Summary of the Invention]
[Problems to be Solved by the Invention]

[0005]

In an air separation apparatus for simultaneously producing high-
purity nitrogen and high-purity argon, the argon is produced at high
purity from a feed gas (a gas containing argon, oxygen and nitrogen)



fed to the pure argon rectification column, and the waste gas
therefrom contains nitrogen. When the pure argon rectification column
is configured to be capable of functioning (starting and stopping)
independently of other rectification columns, this makes the piping
more complex (narrow pipes, dead-end pipelines). There is a risk of
contamination of the air separation apparatus as a result. Recovery of
nitrogen gas from the waste gas is therefore a concern.

Meanwhile, it would be desirable to recover nitrogen gas contained
in the gas drawn from the condensing portion of the pure argon
rectification column.

In light of the situation described above, the objective of the
present disclosure lies in providing an air separation apparatus
comprising a crude argon rectification column and a pure argon
rectification column, which is capable of recovering nitrogen from a
gas drawn from a condensing portion of the pure argon rectification
column; and a method for recovering nitrogen from the gas drawn from
the condensing portion of the pure argon rectification column.

[Means for Solving the Problems]

[0006]

An air separation apparatus (1) according to the present disclosure
comprises:

a first rectification column (2) into which feed air is introduced;

a first condensing portion (3) for condensing nitrogen gas drawn
from a column top (25) of the first rectification column (2);

a second rectification column (4) into which is introduced a
nitrogen-containing liquid drawn from an upper stage of a
rectification portion (23) or the column top (25) of the first
rectification column (2) (the nitrogen-containing liquid is introduced
into an upper-stage rectification portion (44) or an intermediate
rectification portion (43));

a third rectification column (5) into which is introduced an argon-
containing oxygen-rich substance (which may be gaseous, liquid or a
gas—-liquid mixture) drawn from a lower—-stage rectification portion
(42) or the intermediate rectification portion (43) of the second
rectification column (4);

a second condensing portion (6) for condensing a gas drawn from a
column top (55) of the third rectification column (5);

a fourth rectification column (7) into which is introduced an argon-
rich substance (which may be gaseous, liquid or a gas—liquid mixture)
drawn from a rectification portion (53) (from an intermediate stage to
an upper stage) or the column top (55) of the third rectification
column (5);



a third condensing portion (8) into which is introduced a gas drawn
from a column top (75) of the fourth rectification column (7); and

a recycling pipe (L81) for recycling a gas (nitrogen-containing gas)
drawn from the third condensing portion (8) to (the intermediate
rectification portion (43) or the upper—stage rectification portion
(44) of) the second rectification column (4).

The third rectification column may be referred to as a crude argon
rectification column, and the fourth rectification column may be
referred to as a pure argon rectification column.

[0007]

The first condensing portion (3) may be provided in an upper portion
of the first rectification column (2). The second condensing portion
(6) may be provided in an upper portion of the third rectification
column (5). The third condensing portion (8) may be provided in an
upper portion of the fourth rectification column (7).

[0008]

Feed air may be introduced from a warm end of a main heat exchanger
(E1), pass through a cold end, and be introduced into a column bottom
(21) of the first rectification column (high-pressure column (2)). The
feed air may be treated in an air purification unit to remove
impurities, etc. before being introduced into the main heat exchanger
(E1).

A branch pipe (L811) branching from the recycling pipe (L81) may be
provided.

A valve may be provided in the recycling pipe (L81) or/and the
branch pipe (L811). A valve (three-way valve) may be provided at a
branching position.

The air separation apparatus 1 may comprise a control unit (C8) for
controlling opening/closing of the valve so that a gas drawn from the
third condensing portion (8) is fed to the branch pipe (L811) for a
predetermined period from the start of driving of the third condensing
portion (8), and for controlling opening/closing of the valve so that
the gas drawn from the third condensing portion (8) is fed to the
recycling pipe (L81) after the predetermined period has elapsed.

[0009]

The air separation apparatus (1) may comprise a reboiler (9) into
which is introduced a nitrogen-containing liquid (LIN) drawn from a
rectification upper stage of the first rectification column (2). A
drawing pipe (L91) for drawing liquid argon (high-purity argon liquid)
from a lower portion of the reboiler (9) may be provided in the
reboiler (9). The reboiler (9) may be provided in a lower portion of



the fourth rectification column (7), or it may be provided outside the
column.

An introduction pipe (L92) may be provided for introducing a gas
drawn from the reboiler (9) into the third condensing portion (8). A
decompression means (V4) may be provided in the introduction pipe
(L92) .

An oxygen-rich liquid drawn from the column bottom (21) of the first
rectification column (2) may be introduced into a rectification upper
stage or column top of the third rectification column (5), or into the
second condensing portion (6).

The third rectification column (5) may be separated into two or more
columns, or it may be configured by a single column.

The second rectification column (4) may be separated into two or
more columns, or it may be configured by a single column.

[0010]

A subcooler (E2) may also be provided, and two or more of the
following liquids/gases may be introduced therein: a nitrogen—
containing liquid which is drawn from the column top (25) from an
upper stage of the rectification portion (23) of the first
rectification column (2), and is introduced into the second
rectification column (4),

an oxygen-rich liquid which is drawn from the column bottom (21) of
the first rectification column (2), and is introduced into the
rectification upper stage or column top of the third rectification
column (5), the second condensing portion (6), or an additional
rectification column (5a),

high-purity nitrogen gas drawn from a column top (45) of the second
rectification column (4),

a waste gas drawn from an upper stage or intermediate stage of the
second rectification column (4), and

a waste gas (that is, used nitrogen—-containing liquid) circulating
through the branch pipe (L811),

the abovementioned two or more |iquids/gases undergoing heat
exchange with each other in the subcooler (E2).

[0011]

The control unit (C8) may also serve as a device for controlling the
air separation apparatus. The control unit (C8) may be configured by a
dedicated device, an information processor (e.g., a cloud server, an
on-premises server, or a general-purpose computer, etc.), a device for
col laboration between software and hardware (a memory and a processor),
and firmware, etc.

[0012]



A method for recovering nitrogen gas from a waste gas used in a
condensing portion of a pure argon rectification column of the present
disclosure comprises:

a step in which a gas drawn from the third condensing portion of the
air separation apparatus, which comprises the first rectification
column (high-pressure rectification column), the second rectification
column (low-pressure rectification column), the crude argon
rectification column, the pure argon rectification column, the first
condensing portion, the second condensing portion, the third
condensing portion, and the reboiler, is recycled to the second
rectification column whereby nitrogen is recovered from said gas

The gas drawn from the third condensing portion is a gas based on
the nitrogen-containing liquid (LIN) which is drawn from the
rectification upper stage of the first rectification column and
introduced into the third condensing portion via the reboiler.

The above method may comprise:

a driving-start time control step in which the gas drawn from the
third condensing portion is not recycled for a predetermined period
after the start of driving of the third condensing portion, and the
gas drawn from the third condensing portion is recycled to the second
rectification column after the predetermined period has elapsed.

[0013]

(Advantage of the invention)

The gas drawn from the third condensing portion (8) is recycled to
the second rectification column (4), whereby impurities in the gas can
be refined (removed) in the second rectification column (4) so that
nitrogen can be recovered, and the nitrogen recovery rate can be
improved.

Furthermore, at the start of driving of the third condensing portion
(8), the gas is treated without being fed to the second rectification
column, whereby the gas can be rectified after a standby for stable
operation of the second rectification column (4).

[Brief Description of the Drawing]

[0014]

[Fig. 1] Fig. 1 illustrates an air separation apparatus according
to embodiment 1.
[Embodiments of the Invention]

[0015]

Several embodiments of the present invention will be described below.
The embodiments described below are examples of the present invention.
The present invention is in no way |imited by the following
embodiments, and also includes a number of variant modes which are



implemented within a scope that does not alter the gist of the present
invention. It should be noted that not all of the components described
below are necessarily essential components of the present invention.

[0016]

(Embodiment 1)

An air separation apparatus 1 according to embodiment 1 will be
described below with the aid of fig. 1. The air separation apparatus 1
comprises: a main heat exchanger E1, a first rectification column
(high-pressure rectification column) 2, a second rectification column
(low-pressure rectification column) 4, a third rectification column
(first crude argon rectification column) 5, a fourth rectification
column 7 (pure argon rectification column), a first condensing portion
3, a second condensing portion 6, a third condensing portion 8, a
reboiler 9, and a subcooler E2. The first rectification column 2 may
be referred to as a high-pressure rectification column because it
performs rectification at a higher pressure than the second
rectification column 4, and the second rectification column 4 may be
referred to as a low-pressure rectification column.

[0017]

(High-pressure rectification column)

Feed air passes through the main heat exchanger E1 and is introduced
via a pipe LT into a column bottom 21 or a lower stage of a
rectification portion 23 of the first rectification column 2. The feed
air is separated into an oxygen-rich liquid and a nitrogen-containing
liquid (LIN) in the first rectification column 2.

The first condensing portion (nitrogen condenser) 3 condenses
(Iiquefies) nitrogen gas drawn from a column top 25 of the first
rectification column 2 via a pipe L25c, and returns the condensed gas
to the first rectification column 2. Oxygen gas constituting a portion
drawn from the column top of the first condensing portion (nitrogen
condenser) 3 is fed to a column bottom 41 or a lower-stage
rectification portion 42 of the second rectification column 4. Another
portion drawn from the column top of the first condensing portion 3 is
introduced, via a pipe L32 and a branch pipe L321 thereof, into the
main heat exchanger E1 where it undergoes heat exchange, and can then
be extracted as product oxygen (oxygen). A further portion is
introduced, via a branch pipe L322 of the pipe L32, into the main heat
exchanger E1 where it undergoes heat exchange and is then expelled as
a waste gas. A valve may be provided in one or both of the branch pipe
L321 and the branch pipe L322.

The oxygen-rich liquid is drawn from the column bottom 21 of the
first rectification column 2 via a pipe L21 and undergoes heat



exchange in the subcooler E2, after which it is introduced into a
rectification portion or a column top of the third rectification
column 5. A valve V2 is provided in the pipe L21 and functions as a
flow rate control valve or an opening/closing gate valve.

The nitrogen—containing liquid (LIN) is drawn from the column top 25
of the first rectification column 2 via a pipe L25b and undergoes heat
exchange in the subcooler E2, after which it is introduced into an
upper—stage rectification portion 44 of the second rectification
column 4.

A valve V1 is provided in the pipe L25b and functions as a flow rate
control valve or an opening/closing gate valve. The valve V1 may be
control led by means of a control unit C8.

Furthermore, the nitrogen-containing liquid (LIN) is drawn from the
column top 25 of the first rectification column 2 via a pipe L25a and
Is introduced into the reboiler 9. A valve V3 is provided in the pipe
L25a and functions as a flow rate control valve, an opening/closing
gate valve, or a pressure regulating valve. The nitrogen-containing
liquid (LIN) fed to the reboiler 9 will be described in detail below.

[0018]

(Low-pressure rectification column)

The nitrogen-containing liquid (LIN) introduced into the upper-stage
rectification portion 44 of the second rectification column 4 is
rectified in the second rectification column 4. High-purity oxygen
liquid drawn from the column bottom 41 of the second rectification
column 4 is fed to the first condensing portion 3.

An argon-containing oxygen-rich substance (which may be gaseous
liquid or a gas—liquid mixture) is drawn via a pipe L42 from the
lower—stage rectification portion 42 or an intermediate rectification
portion 43 of the second rectification column 4, and is introduced
into a column bottom 51 or a lower stage of a rectification portion 53
of the third rectification column 5 (first crude argon rectification
column).

[0019]

High-purity nitrogen gas (GAN) is drawn via a pipe L45 from a column
top 45 of the second rectification column 4 and undergoes heat
exchange in the subcooler E2, after which it is introduced into the
main heat exchanger E1 to undergo heat exchange, and is then
discharged as product nitrogen (nitrogen).

[0020]

A gas is drawn via a pipe L43 from the upper—stage rectification
portion 44 or the intermediate rectification portion 43 of the second
rectification column 4 and undergoes heat exchange in the subcooler E2,



after which it is introduced into the main heat exchanger E1 to
undergo heat exchange, and is then discharged as a waste gas

In this embodiment, the waste gas introduced into the main heat
exchanger E1 via the pipe L322 and the pipe L43 (the pipe L43 which
also merges with a pipe L811 from the third condensing portion 8)
exits from an intermediate stage of the main heat exchanger E1 and is
fed to an expansion turbine ET for use in driving the turbine, after
which it is once again returned to the main heat exchanger E1 and
expelled as waste gas.

[0021]

(Crude argon rectification column)

The third rectification column 5 rectifies the argon-containing
oxygen-rich substance to obtain an argon-rich substance. The argon-
rich substance (which may be gaseous, liquid or a gas—liquid mixture)
is drawn out via a pipe Lb5 from an upper stage of the rectification
portion 53 or a column top portion 55 of the third rectification
column 5, and is introduced into a rectification portion 73 of the
fourth rectification column 7 (pure argon rectification column). A
rectified liquid of the argon-containing oxygen-rich substance is
drawn via a pipe L51 from the column bottom 51 of the third
rectification column 5, and is returned to the lower-stage
rectification portion 42 or the intermediate rectification portion 43
of the second rectification column 4. A rectified gas (argon gas) of
the argon-containing oxygen-rich substance is drawn via a pipe L52
from the column top 55 of the third rectification column 5, and fed to
the second condensing portion 6 where it is condensed (liquefied), and
then returned to the column top 55.

A rectified liquid of the oxygen-rich liquid drawn via a pipe L61
from a lower portion of the second condensing portion 6 is introduced
into the intermediate rectification portion 43 of the second
rectification column 4. A gas from the rectified liquid of the oxygen-
rich liquid drawn from the column top of the second condensing portion
6 is introduced via a pipe L62 into the intermediate rectification
portion 43 of the second rectification column 4.

[0022]

(Pure argon rectification column)

An argon-rich substance (which may be gaseous, liquid or a gas—
liquid mixture) drawn from the rectification portion 53 or the column
top 55 of the third rectification column 5 is introduced into the
rectification portion 73 of the fourth rectification column 7 and
rectified.



Argon gas drawn from a column top 75 of the fourth rectification
column 7 is introduced into the third condensing portion 8. Argon
liquid condensed in the third condensing portion 8 is returned to the
fourth rectification column 7. The argon liquid stored in a column
bottom 71 of the fourth rectification column 7 is fed to the reboiler
9. The gas from the reboiler 9 is introduced into the fourth
rectification column 7

The nitrogen-containing liquid (LIN) is introduced from the column
top 25 of the first rectification column 2 via the pipe L25a as cold
heat in the reboiler 9. The pressure of the liquid fed to the pipe
L25a is regulated by the valve V3. The nitrogen-containing liquid
(LIN) which has undergone heat exchange in the reboiler 9 is fed to
the third condensing portion 8 via an introduction pipe L92. A
decompression valve V4 is provided in the introduction pipe L92. The
nitrogen-containing liquid (LIN) introduced into the third condensing
portion 8 is utilized as cold heat in the third condensing portion 8.
A gas (nitrogen-containing gas) is fed from the column top of the
third condensing portion via a recycling pipe L81 to the intermediate
rectification portion 43 or the upper—stage rectification portion 44
of the second rectification column 4.

Liquid argon (high-purity argon liquid LAr) can be extracted as
product argon liquid from the lower portion of the reboiler 9 via a
drawing pipe L91.

[0023]

In this embodiment, the branch pipe L811 is provided branching from
the recycling pipe L81. A gate valve V8 is provided in the recycling
pipe L81, and a gate valve V7 is provided in the branch pipe L811.

The control unit G8 performs control to open the gate valve V/ and
close the gate valve V8 so that the nitrogen-containing liquid (LIN)
drawn from the third condensing portion 8 is fed to the branch pipe
L811 for a predetermined period from the start of driving of the third
condensing portion 8, and performs control to open the gate valve V8
and close the gate valve V7 so that the nitrogen-containing liquid
(LIN) drawn from the third condensing portion 8 is fed to the
recycling pipe L81 after the predetermined period has elapsed. The

“predetermined period” is a time until stable driving is achieved,
for example, and it may be set by a test run or experimental
measurement, etc. The “predetermined period” is the time until the
purity reaches 99% or more, for example, when the nitrogen gas
concentration in the recycling pipe L81 is measured by a nitrogen gas
concentration measuring unit (not depicted). A specific example of the

“predetermined period” is a time of 12 hours, for example.
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The branch pipe L811 merges with the pipe L43, and after the gas has
undergone heat exchange in the subcooler E2, it is introduced into the
main heat exchanger E1 for heat exchange, and then expelled as waste
gas.

[0024]

(Other Embodiments)

(1) The oxygen-rich liquid drawn from the column bottom 21 of the
first rectification column 2 may undergo heat exchange in the
subcooler E2 and then be introduced into the intermediate
rectification portion 43 of the second rectification column 4.

(2) The subcooler may or may not be provided.

(3) The main heat exchanger E1 may or may not be provided. Furthermore,
a cleaning apparatus for cleaning the feed air may be provided
upstream of the main heat exchanger E1.

(4) A thermometer, pressure gauge and liquid level gauge, etc. may be
provided in each of the rectification columns.

() A thermometer, pressure gauge, flowmeter, and various types of
valves (e.g., a pressure regulating valve, a flow rate regulating
valve, a gate valve), etc. may be provided in each of the pipes

(6) The expansion turbine ET need not be provided.

(7) The branch pipe L811 and the valve V7 need not be provided.

(8) The control unit C8 may control all of the various valves (gate
valve V7, gate valve V8, etc.), and, as a different embodiment, a
control unit for controlling the various valves may be provided
correspondingly with each of the various valves. The control unit C8
may further control each of the control units for controlling the
various valves.

[0025]

(Example)

In the configuration of fig. 1, it was confirmed by a simulation
that the nitrogen recovery rate improved by 1%-2% in an example in
which recycling was performed in the recycling pipe L81, as compared
to a comparative example in which no recycling was performed in the
recycling pipe L81 and the material was expelled as waste gas in the

pipe L811.
[Key to Symbols]
[0026]
1... Air separation apparatus
2... First rectification column (high-pressure rectification column)
3... First condensing portion
4... Second rectification column (low-pressure rectification column)
5... Third rectification column (crude argon rectification column)
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. Second condensing portion

. Fourth rectification column (pure argon rectification column)
. Third condensing portion

9... Reboiler

E1... Main heat exchanger

E2... Subcooler

L81... Recycling pipe

L811... Branch pipe

C8... Control unit

o N>
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[Document Name] CLAIMS
[Claim 1]

Air separation apparatus comprising: a first rectification column
into which feed air is introduced;

a first condensing portion for condensing nitrogen gas drawn from a
column top of the first rectification column;

a second rectification column into which is introduced a nitrogen-
containing liquid drawn from an upper stage of a rectification portion
or the column top of the first rectification column;

a third rectification column into which is introduced an argon-
containing oxygen-rich substance drawn from a lower-stage
rectification portion or an intermediate rectification portion of the
second rectification column;

a second condensing portion for condensing a gas drawn from a column
top of the third rectification column;

a fourth rectification column into which is introduced an argon-rich
substance drawn from a rectification portion or the column top of the
third rectification column;

a third condensing portion into which is introduced a gas drawn from
a column top of the fourth rectification column; and

a recycling pipe for recycling a gas drawn from the third condensing
portion to the second rectification column.

[Claim 2]

Air separation apparatus according to claim 1, comprising: a branch
pipe branching from the recycling pipe; and

a control unit for controlling opening/closing of a valve so that a
waste gas drawn from the third condensing portion is fed to the branch
pipe for a predetermined period from the start of driving of the third
condensing portion, and for controlling opening/closing of the valve
so that the gas drawn from the third condensing portion is fed to the
recycling pipe after the predetermined period has elapsed.

[Claim 3]

Method for recovering nitrogen gas from a gas drawn from a
condensing portion of a pure argon rectification column, the method
comprising:

a step in which a gas drawn from a third condensing portion of an
air separation apparatus, which comprises a first rectification column,
a second rectification column, a crude argon rectification column, a
pure argon rectification column, a first condensing portion, a second
condensing portion and the third condensing portion, is recycled to
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the second rectification column whereby nitrogen is recovered from
said gas.
[Claim 4]

Method according to claim 3, comprising a driving-start time control
step in which the gas drawn from the third condensing portion is not
recycled for a predetermined period after the start of driving of the
third condensing portion, and the gas drawn from the third condensing
portion is recycled to the second rectification column after the
predetermined period has elapsed.



