[Document Name] SPECIFICATION
[Title of the Invention] Air separation unit
[Technical Field]

[0001]

The present invention relates to an air separation unit. The present
invention relates to a cryogenic air separation unit capable of separating
nitrogen and rare gases such as argon.

[Background Art]

[0002]

Multi—-column rectification systems comprising a plurality of rectification
columns such as a medium-pressure column, a low-pressure column, and a crude-
argon column, are used when air components are separated into nitrogen, argon
and oxygen, etc. by means of cryogenic air separation. When power for gas
compression is minimized for optimum supply while simultaneously increasing
the nitrogen and argon recovery rates in particular, an inlet pressure of a
nitrogen compressor for compressing low-pressure nitrogen gas drawn from the
low—pressure rectification column is raised by increasing the pressure of the
low—pressure nitrogen gas, which reduces the load on the nitrogen compressor.
The pressure in the low-pressure rectification column is increased at this
time, so the cold needed to maintain the heat balance in the air separation
unit can be generated by means of an expansion turbine which expands oxygen
gas drawn from the bottom of the low-pressure rectification column (e.g.
Patent Documents 1 and 2).

[0003]

The product gas produced from the air separation unit needs to be supplied
as a liquid for storage and transportation. Known methods for generating the
cold for gas liquefaction include a method for expanding a portion of the
feed air (e.g., Patent Document 3), and a method for recycling and expanding
the nitrogen gas drawn from the medium—pressure column (e.g., Patent Document
4). However, in order to vaporize liquid oxygen collected in the bottom of
the low-pressure column, these methods employ a portion of the medium-pressure
air introduced into the medium—pressure rectification column or a portion of
the medium-pressure nitrogen collected at the top of the medium-pressure
rectification column, which therefore |eads to the problem of a reduced vapour
stream inside the rectification column and a drop in nitrogen or argon
recovery.

[Prior Art Documents]
[Patent Documents]
[0004]
[Patent Document 1] US 2019293347 Al
[Patent Document 2] US 2023358468 Al
[Patent Document 3] WO 2021/230911 Al
[Patent Document 4] JP S63-187086 A
[Summary of the Invention]
[Problems to be Solved by the Invention]
[0005]
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The present disclosure provides an air separation unit which generates cold
by expanding oxygen gas separated from air, wherein a heat balance can be
maintained without a drop in rare gas and nitrogen recovery rates, by using
a nitrogen turbine to supply cold needed for the production of product oxygen
or for the production of a liquid product such as liquid nitrogen or liquid
argon.

[Means for Solving the Problems]

[0006]

An air separation unit according to the present disclosure comprises: a
main heat exchanger (1), a medium-pressure rectification column (2), a low-
pressure rectification column (4), a crude argon column (5), a nitrogen
condenser (3), a crude argon condenser (6), an oxygen turbine (9), a nitrogen
compressor (10), and a nitrogen turbine (8).

The nitrogen turbine (8) expands nitrogen gas supplied from the nitrogen
compressor (10). The air separation unit is characterized in that an inlet
temperature of the oxygen turbine (9) is lower than an inlet temperature of
the nitrogen turbine (8). For example, the temperature of a gas drawn from a
first intermediate portion (1a) of the main heat exchanger (1) and delivered
to the oxygen turbine (9) is lower than the temperature of a gas drawn from
a second intermediate portion (1b) of the main heat exchanger (1) and
delivered to the nitrogen turbine (8). A position (1a) of an extraction nozzle
of a pipe connected to the oxygen turbine (9) from the main heat exchanger
(1) may be disposed on the low temperature side of a position (1b) of an
extraction nozzle of a pipe connected to the nitrogen turbine (8).
Furthermore, a bypass pipe (L431a) may be provided from the nitrogen gas pipe
at the warm end of the main heat exchanger (1) to the nitrogen turbine inlet
pipe so that the inlet temperature of the nitrogen turbine (8) is higher than
the inlet temperature of the oxygen turbine (9).

The air separation unit may comprise a first nitrogen booster (14), and the
first nitrogen booster (14) may be driven by means of an expansion turbine
(81).

The air separation unit may comprise a second nitrogen booster (17), and
the second nitrogen booster (17) may be driven by means of the oxygen turbine
9).

The air separation unit may be configured so that a portion of the
compressed nitrogen gas supplied from the nitrogen compressor (10) is cooled
in the main heat exchanger (1) and supplied to the medium-pressure
rectification column (2).

The air separation unit may comprise a sub-cooler (7) (see fig. 6) for
cooling a liquid (e.g., an oxygen-rich liquid), which is drawn from the
medium-pressure rectification column (2), by means of a gas drawn from the
low-pressure rectification column (4) or from the crude argon condenser (6).

Oxygen gas drawn from the low-pressure rectification column (4) or a gas
phase in a refrigerant storage portion (32) of the nitrogen condenser (3) may
be mixed with nitrogen gas drawn from the low-pressure rectification column
(4) or oxygen-rich gas drawn from the crude argon condenser (6), and then
expanded by the oxygen turbine (9). The main heat exchanger (1) may have a
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divided structure in order to optimize the structure according to design
temperature, pressure and flow rate, and to improve ease of transportation.

[0007]

The following actions are demonstrated by virtue of the configuration above.
The oxygen turbine (9) constantly generates the cold required for producing
a product gas, but the expansion ratio is a ratio of the pressure in the low-
pressure rectification column (4) and a low pressure close to atmospheric
pressure which is sufficient to release the expanded gas into the atmosphere
via the main heat exchanger (1), so the expansion ratio is only two to five
times at the most. Nevertheless, the inlet temperature of the oxygen turbine
(9) is low because it is necessary to supply the low-temperature gas required
by the air separation unit.

Meanwhile, low-pressure nitrogen gas (LP GAN) drawn from the main heat
exchanger (1) is supplied via the nitrogen compressor (10), but since the
outlet pressure thereof can be freely increased, this allows the expansion
ratio to be increased.

That is to say, the configuration of the nitrogen compressor (10) and the
nitrogen turbine (8) is suitable for supplying the large amount of cold needed
to liquefy the product gas

However, the product gas is |iquefied for storage and transportation, so
constant operation is not necessarily needed. For this reason, the air
separation unit according to the present disclosure is configured so that the
inlet temperature of the oxygen turbine (9) is lower than that of the nitrogen
turbine (8), with the oxygen turbine (9) serving as a base load cold source,
and the nitrogen turbine (8) serving as a variable cold source. It is thus
possible to respond easily to product gas and liquid requirements by supplying
the cold needed for steady gas production by means of the oxygen turbine (9),
and operating the nitrogen turbine (8) when further cold is needed. The heat
balance on the low-temperature side of the main heat exchanger (1) can be
maintained by the lower temperature supplied by the oxygen turbine (9), the
inlet temperature of the nitrogen turbine (9) can be increased, and cold can
be supplied more efficiently.

[0008]

Air separation units (A1, A2, A3, A4, A5, A6) according to the present
disclosure may comprise:

a main heat exchanger (1) having feed air introduced from a warm end thereof
and drawn from a cold end thereof;

a medium-pressure rectification column (2) which has the feed air drawn
from the cold end of the main heat exchanger (1) introduced into a bottom
(21) thereof;

a nitrogen condenser (3) into which a vapour stream is introduced from an
upper portion (23) of the medium—pressure rectification column (2), the vapour
stream being condensed and drawn out as a reflux liquid;

a low-pressure rectification column (4) which has an oxygen-rich liquid
drawn from the bottom (21) of the medium-pressure rectification column (2)
introduced into a rectification portion (42) thereof and/or which has a vapour



4
stream drawn from the upper portion (23) of the medium-pressure rectification
column (2) introduced into a top (43) thereof;

an oxygen turbine (9) for expanding and cooling an oxygen-rich gas drawn
from a gas phase in a refrigerant storage portion (32) of the nitrogen
condenser (3), after the oxygen-rich gas has undergone heat exchange in the
main heat exchanger (1); and

a nitrogen turbine (8) for expanding nitrogen gas drawn from the top (43)
of the low-pressure rectification column (4), after said nitrogen gas has
undergone heat exchange at least in the main heat exchanger (1), been
compressed to a predetermined pressure in the nitrogen compressor (10), cooled
in a cooling unit (11), and once again cooled in the main heat exchanger (1).

[0009]

The air separation units (A1, A2, A3, A4, A5) may comprise:

a crude argon column (5) which has an oxygen-containing fluid drawn from
the rectification portion (42) of the low—pressure rectification column (4)
introduced into a bottom (51) thereof;

a crude argon condenser (6) into which a vapour stream is introduced from
an upper portion of the crude argon column (5), the vapour stream being
condensed and drawn out as a reflux liquid; and

a sub—cooler (7) which has an oxygen-rich liquid drawn from the bottom (21)
of the medium-pressure rectification column (2) introduced from a warm end
thereof and drawn from a cold end thereof, and/or which has a vapour stream
drawn from the upper portion (23) of the medium-pressure rectification column
(2) introduced from a warm end thereof and drawn from a cold end thereof,
and/or which has nitrogen gas drawn from the top (43) of the low-pressure
rectification column (4) introduced from a cold end thereof and drawn from a
warm end thereof.

[0010]

The air separation units (A1, A2, A3, A4, A5, A6) may comprise:

a feed air line (L1) for introducing feed air into the medium-pressure
rectification column (2) via the main heat exchanger (1);

an oxygen-rich liquid pipeline (L21) for introducing an oxygen-rich liquid
drawn from the bottom (21) of the medium-pressure rectification column (2)
into the rectification portion (42) of the low-pressure rectification column
(4) via the sub—cooler (7);

an oxygen-rich liquid branch pipeline (L211) which branches from the oxygen-
rich liquid pipeline (L21) downstream from the sub—cooler (7) and serves to
introduce the oxygen-rich liquid into a refrigerant storage portion (61) of
the crude argon condenser (6);

a liquid nitrogen pipeline (L23) for introducing liquid nitrogen drawn from
the upper portion (23) of the medium-pressure rectification column (2) into
the top (43) of the low-pressure rectification column (4) via the sub-cooler
OF

a liquid nitrogen branch pipeline (L231) which branches from the liquid
nitrogen pipeline (L23) downstream from the sub—cooler (7) and draws out a
portion of the liquid nitrogen;
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a liquid oxygen extraction line (L31) for extracting, as liquid oxygen
(LOX), a refrigerant (oxygen-rich liquid) in the refrigerant storage portion
(32) of the nitrogen condenser (3);

an oxygen extraction line (L32) which draws oxygen from an upper gas phase
in the refrigerant storage portion (32) of the nitrogen condenser (3),
introduces the oxygen at an intermediate stage of the main-heat exchanger (1)
where the oxygen is warmed and then drawn out and expanded by the oxygen
turbine (9), the oxygen then being once again introduced from the cold end
of the main heat exchanger (1) and drawn from the warm end thereof, and
extracted as oxygen gas;

an oxygen—containing fluid pipeline (L421) for drawing an oxygen—-containing
fluid from the rectification portion (42) of the low-pressure rectification
column (4) and introducing the oxygen-containing fluid into the bottom (51)
of the crude argon column (5);

a nitrogen gas pipeline (L43) which draws nitrogen gas from the top (43)
of the low-pressure rectification column (4) and extracts nitrogen gas (GAN)
via the sub—cooler (7) and the main heat exchanger (1);

a nitrogen gas branch pipeline (L431) which branches from the nitrogen gas
pipeline (L43) downstream from the main heat exchanger (1), once again
introduces the nitrogen gas from the warm end of the main heat exchanger (1),
draws out nitrogen gas from an intermediate portion, the nitrogen gas then
being expanded by the nitrogen turbine (8) and merged into the nitrogen gas
pipeline (L43) or extracted as nitrogen gas once again via the main heat
exchanger (1);

a crude argon column-bottom fluid pipeline (L51) for drawing a bottom fluid
from the bottom (51) of the crude argon column (5), and introducing the bottom
fluid below a draw-out position of the oxygen—-containing fluid pipeline (L421)
in the rectification portion (42) of the low-pressure rectification column
4);

an argon extraction line (L53) for drawing a vapour stream or a reflux
liquid from the upper portion of the crude argon column (5); and

a crude argon condenser pipeline (L62) for drawing an upper vapour phase
in the refrigerant storage portion (62) of the crude argon condenser (6), and
introducing same into the rectification portion (42) of the low-pressure
rectification column (4) above the oxygen-rich liquid pipeline (L21).

[0011]

A compressor (10) for compressing the nitrogen gas, and a cooling unit (11)
for cooling the compressed nitrogen gas may be provided in the nitrogen gas
pipeline (L43) between downstream from the warm end of the main heat exchanger
(1) in the nitrogen gas pipeline (L43), and the nitrogen gas branch pipeline
(L431).

[0012]

A fluid introduced into the crude argon column (5) from the rectification
portion (42) of the low-pressure rectification column (4) will be referred
to as an “oxygen-containing fluid”, and a liquid drawn from a location below
the feed air introduction stage <(e.g., the bottom of the nitrogen
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rectification column) will be referred to as an “oxygen-rich liquid”. The
oxygen—-containing fluid may be a liquid or a gas—liquid mixture.

[0013]

The air separation unit (A2) may comprise:

a bypass line (L431a) which branches from the nitrogen gas branch pipeline
(L431), bypasses the main heat exchanger (1) so that nitrogen gas is not
introduced therein, and merges with the nitrogen gas branch pipeline (L431);
and

a regulating valve (V1) for regulating an amount of nitrogen gas circulating
through the bypass line (L431a).

The air separation unit (A2) may comprise:

a temperature measuring unit (12) for measuring the temperature of the
nitrogen gas introduced into the nitrogen turbine (8).

The temperature measuring unit (12) may be provided in the bypass line
(L431a), in the nitrogen gas branch pipeline (L431), or in any |line downstream
from a merging point of the bypass line (L431a) and the nitrogen gas branch
pipeline (L431).

The regulating valve (V1) may regulate the amount of nitrogen gas
circulating through the bypass line (L431a) on the basis of the result of a
temperature measurement by the temperature measuring unit (12) (e.g., above
or below a threshold when the temperature is maintained within a predetermined
temperature range).

[0014]

The air separation units (A3, A4, A5) may comprise:

a nitrogen booster (14) which is provided in the nitrogen gas branch
pipeline (L431) and boosts the pressure of the nitrogen gas to a predetermined
pressure;

a second cooling unit (15) for cooling the nitrogen gas pressure-boosted
by the nitrogen booster (14); and

an expansion turbine (81) for expanding the nitrogen gas which has been
cooled by the second cooling unit (15), once again introduced into the main
heat exchanger (1), and drawn from an intermediate stage thereof.

[0015]

The configuration above generates cold by means of a nitrogen booster-
turbine configuration. That is to say, a portion of the low-pressure nitrogen
gas is compressed by the nitrogen compressor (10), after which the nitrogen
gas is expanded once the pressure thereof has been further boosted by means
of the booster (14) driven by means of the expansion turbine (81). This
pressure boosting process makes it possible to increase the amount of cold
generated per flow rate by increasing a pressure difference in the expansion
turbine (81), and a nitrogen molar flow rate required for generating cold can
be reduced as a result.

[0016]

The air separation units (A4, A5) may comprise:

a recycling nitrogen line (L431b) which branches from the nitrogen gas
branch pipeline (L431) inside the main heat exchanger (1), draws nitrogen gas
out from the cold end of the main heat exchanger (1), and serves to introduce
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nitrogen gas into the rectification portion (22) or the upper portion (23)
of the medium—pressure rectification column (2); and

a valve (V2) provided in the recycling nitrogen line (L431b).

[0017]

By virtue of this configuration, a portion of the nitrogen gas supplied
from the nitrogen compressor (10) is cooled by the main heat exchanger (1)
and supplied to the medium-pressure rectification column (2) When a liquid
is produced in the air separation unit, a portion of the feed air is liquefied
and introduced into the medium-pressure rectification column (2) or the low-
pressure rectification column (4), but this is disadvantageous from the point
of view of product yield because the vapour stream inside the rectification
column decreases in proportion to liquefaction. In order to solve this
problem, the vapour stream is increased by reintroducing nitrogen gas into
the medium-pressure rectification column (2), making it possible to maintain
the product gas yield.

[0018]

The air separation unit (A5) may comprise:

a second nitrogen booster (17) which is provided in the nitrogen gas branch
pipeline (L431) upstream from the first nitrogen gas booster (14) and boosts
the pressure of the nitrogen gas to a predetermined pressure; and

a second cooling unit (18) which is provided in the nitrogen gas branch
pipeline (L431) upstream from the first nitrogen booster (14) and cools the
nitrogen gas pressure-boosted by the second nitrogen booster (17).

The second nitrogen booster (17) may be driven by means of the oxygen
turbine (9).

[0019]

By virtue of this configuration, the second nitrogen booster (17) is driven
by means of the oxygen turbine (9). That is to say, a portion of the low-
pressure nitrogen gas is compressed by the nitrogen compressor (10), after
which the nitrogen gas is expanded once the pressure thereof has been further
boosted by means of the second nitrogen booster (17) driven by means of the
oxygen turbine (9). This pressure boosting process makes it possible to
increase the amount of cold generated per flow rate by increasing a pressure
difference in the expansion turbine, and a nitrogen molar flow rate required
for generating cold can be reduced as a result.

[0020]

The sub-cooler (7) uses a gas drawn from the low-pressure rectification
column (4) or the crude argon condenser (6) to cool the liquid drawn from the
medium-pressure rectification column (2). In this way, the amount of liquid
vapor ized by decompression when the liquid is introduced into the low-pressure
rectification column (4) is reduced, and the amount of liquid contributing
to rectification as a reflux liquid is increased, and therefore rectification
efficiency can be improved.

[0021]

Oxygen gas drawn from the gas phase in the refrigerant storage portion (32)
of the nitrogen condenser (3) may be mixed with nitrogen gas or oxygen-rich
liquid before being introduced into the oxygen turbine (9). In this way, it
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is possible to increase the cold which is generated by increasing the stream
of gas expanded by the oxygen turbine (9), and it is furthermore possible to
reduce safety risks, such as combustion caused by oxygen in the oxygen turbine
(9). Liquid oxygen (LOX) extracted from the refrigerant storage portion (32)
may be sub—cooled by the sub-cooler (7) (see fig. 6).

[0022]

The air separation units (A1, A2, A3, A4, A5, A6) may include:

various measuring instruments such as flow rate measuring instruments,
pressure measuring instruments, temperature measuring instruments, and liquid
level measuring instruments;

various valves such as control valves and gate valves; and

pipes for connecting each component.

[Brief Description of the Drawings]

[0023]

[Fig. 1] is a drawing illustrating an air separation unit according to
embodiment 1.

[Fig. 2] is a drawing illustrating an air separation unit according to
embodiment 2.

[Fig. 3] is a drawing illustrating an air separation unit according to
embodiment 3.

[Fig. 4] is a drawing illustrating an air separation unit according to
embodiment 4.

[Fig. 5] is a drawing illustrating an air separation unit according to
embodiment 5.

[Fig. 6] is a drawing illustrating an air separation unit according to
embodiment 6.
[Embodiments of the Invention]

[0024]

Several embodiments of the present disclosure will be described below. The
embodiments described below are given as an example of the present disclosure.
The present disclosure is in no way |imited by the following embodiments, and
also includes a number of variants which are implemented within a scope that
does not alter the gist of the present disclosure. It should be noted that
not all the constituents described below are necessarily essential to the
present disclosure. Upstream and downstream are based on a flow direction of
a fluid (liquid or gas).

[0025]

(Embodiment 1)

A first air separation unit Al according to embodiment 1 will be described
with the aid of fig. 1.

The first air separation unit Al comprises: a main heat exchanger (1), a
medium-pressure rectification column (2), a low-pressure rectification column
(4), a crude argon column (5), a nitrogen condenser (3), a crude argon
condenser (6), an oxygen turbine (9), a nitrogen compressor (10), and a
nitrogen turbine (8).

The main heat exchanger 1 cools feed air introduced from a warm end and
discharges the feed air from a cold end thereof. The cooled feed air is
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introduced into the medium-pressure rectification column 2 via a feed air
pipeline L1.

The medium-pressure rectification column 2 comprises a bottom 21, a
rectification portion 22, and a top 23. The feed air pipeline L1 is connected
to the bottom 21.

Oxygen-rich liquid that collects in the bottom 21 is delivered via a
nitrogen-rich liquid pipeline L21 to a rectification portion 42 of the low-
pressure rectification column 4 after undergoing heat exchange in a sub-
cooler 7. A portion of the oxygen-rich liquid following heat exchange in the
sub-cooler 7 is introduced into a refrigerant storage portion 61 of the crude
argon condenser 6.

A portion of the liquid nitrogen in the top 23 is delivered via a liquid
nitrogen pipeline L23 to a top 43 of the low-pressure rectification column 4
after undergoing heat exchange in the sub-cooler 7. A liquid nitrogen branch
pipeline L231 is a line which branches from the liquid nitrogen pipeline L23
downstream from the sub-cooler 7, and extracts liquid nitrogen.

[0026]

The nitrogen condenser 3 is provided above the top 23 of the medium-pressure
rectification column 2. A portion of the nitrogen gas (vapour stream) drawn
from the top 23 of the medium—pressure rectification column 2 is introduced
into the nitrogen condenser 3 via a reflux pipeline and is cooled (condensed)
and liquefied by means of heat exchange with oxygen-rich liquid constituting
a refrigerant. The liquid nitrogen which has been liquefied is returned to
the top 23 of the medium-pressure rectification column 2 as a reflux liquid.

[0027]

A liquid nitrogen extraction line L31 is a |line for extracting, as liquid
oxygen (LOX), the refrigerant (oxygen-rich liquid) from the refrigerant
storage portion 32 of the nitrogen condenser 3.

[0028]

The low-pressure rectification column 4 comprises a rectification portion
42 and a top 43. The bottom thereof may also serve as the refrigerant storage
portion 32 of the nitrogen condenser 3.

An oxygen-containing fluid drawn from the rectification portion 42 of the
low—pressure rectification column 4 is introduced into the bottom 51 of the
crude argon column 5 via the oxygen—-containing fluid pipeline L421.

[0029]

The crude argon column 5 comprises a bottom 51, a rectification portion 52,
and a top 53.

A crude argon column-bottom fluid pipeline L51 is a line for drawing a
bottom fluid from the bottom 51 of the crude argon column 5, and introducing
the bottom fluid below a draw-out position of the oxygen-containing fluid
pipeline L421 in the rectification portion 42 of the low-pressure
rectification column 4.

The argon extraction line L53 is a line for drawing a vapour stream or
reflux liquid (crude argon-containing fluid) from the upper portion of the
crude argon column 5.

[0030]
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The vapour stream from the upper portion of the crude argon column 5 is
introduced into the crude argon condenser 6 where it is condensed and drawn
out as a reflux liquid.

The crude argon condenser pipeline L62 is a line for drawing the upper
vapour phase in the refrigerant storage portion 62 of the crude argon
condenser 6, and introducing same into the rectification portion 42 of the
low—pressure rectification column 4 above the oxygen-rich liquid pipeline
L21.

[0031]

The oxygen-rich liquid drawn from the bottom 21 of the medium-pressure
rectification column 2 is introduced from the warm end of the sub-cooler 7
and drawn from the cold end thereof. Furthermore, the vapour stream drawn
from the upper portion 23 of the medium-pressure rectification column 2 is
introduced from the warm end of the sub-cooler 7 and drawn from the cold end
thereof. Furthermore, nitrogen gas drawn from the top 43 of the low-pressure
rectification column 4 is introduced from the cold end of the sub-cooler 7
and drawn from the warm end thereof.

[0032]

The oxygen turbine 9 expands and cools the oxygen gas drawn from the gas
phase in the refrigerant storage portion 32 of the nitrogen condenser 3,
after the oxygen gas has undergone heat exchange in the main heat exchanger
1.

An oxygen extraction line L32 is a line which draws oxygen from an upper
gas phase in the refrigerant storage portion 32 of the nitrogen condenser 3,
introduces the oxygen at an intermediate stage of the main-heat exchanger 1
where the oxygen is warmed and then drawn out and expanded by the oxygen
turbine 9, the oxygen then being once again introduced from the cold end of
the main heat exchanger 1 and drawn from the warm end thereof, and extracted
as product oxygen gas

[0033]

The nitrogen turbine 8 expands the nitrogen gas drawn from the top 43 of
the low-pressure rectification column 4, after said nitrogen gas has undergone
heat exchange in the sub-cooler 7 and the main heat exchanger 1, been
compressed to a predetermined pressure in the nitrogen compressor 10, cooled
in the cooling unit 11, and once again cooled in the main heat exchanger 1.

The nitrogen gas drawn out from the top 43 of the low-pressure rectification
column 4 is extracted as low-pressure nitrogen gas via the nitrogen gas
pipeline L43 and via the sub-cooler 7 and the main heat exchanger 1.

The nitrogen compressor 10 and the cooling unit 11 are provided in the
nitrogen gas pipeline L43, downstream from the warm end of the main heat
exchanger 1.

The nitrogen gas branch pipeline L431 is a line which branches from the
nitrogen gas pipeline L43 downstream from the cooling unit 11, once again
introduces the nitrogen gas from the warm end of the main heat exchanger 1,
draws out nitrogen gas from an intermediate portion, the nitrogen gas then
being expanded by the nitrogen turbine 8 and merged into the nitrogen gas
pipeline L43.
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[0034]

In order to make the inlet temperature of the oxygen turbine 9 lower than
the inlet temperature of the nitrogen turbine 8 in this embodiment 1, the
temperature of a gas drawn from a first intermediate portion 1a of the main
heat exchanger 1 and delivered to the oxygen turbine 9 is lower than the
temperature of a gas drawn from a second intermediate portion 1b of the main
heat exchanger 1 and delivered to the nitrogen turbine 8. For example, a
position (first intermediate portion 1a) of an extraction nozzle of a pipe
connected to the oxygen turbine 9 from the main heat exchanger 1 is disposed
on the low temperature side of a position (second intermediate portion 1b)
of an extraction nozzle of a pipe connected to the nitrogen turbine 8.

[0035]

(Embodiment 2)

An air separation unit A2 according to embodiment 2 will be described with
the aid of fig. 2. Reference numerals the same as those in embodiment 1 have
the same functions, and therefore descriptions thereof may be omitted. The
air separation unit A2 comprises a bypass pipeline L431a, a regulating valve
V1, and a temperature measuring unit 12.

The bypass |ine L431a is a |line which is provided in order to regulate the
heat balance in the main heat exchanger 1, branching from the nitrogen gas
branch pipeline L431, bypassing the main heat exchanger 1 so that nitrogen
gas is not introduced therein, and merging with the nitrogen gas branch
pipeline L431.

The temperature measuring unit 12 measures the temperature of the nitrogen
gas introduced into the nitrogen turbine 8. In this embodiment, the
temperature measuring unit 12 is provided in a |ine downstream from a merging
point of the bypass |ine L431a and the nitrogen gas branch pipeline L431.

The regulating valve V1 regulates the amount of nitrogen gas circulating
through the bypass |ine L431a so that the temperature measured by the
temperature measuring unit 12 is higher than the inlet temperature of the
oxygen turbine 9 (a temperature value from a thermometer which is installed
but not depicted).

[0036]

The bypass line L431a is provided from the nitrogen gas pipe at the warm
end of the main heat exchanger 1 to a nitrogen turbine inlet pipe, and is
configured to be capable of regulating the temperature so that the inlet
temperature of the nitrogen turbine 8 is higher than the inlet temperature
of the oxygen turbine 9.

[0037]

(Embodiment 3)

An air separation unit A3 according to embodiment 3 will be described with
the aid of fig. 3. Reference numerals the same as those in embodiment 1 have
the same functions, and therefore descriptions thereof may be omitted. The
air separation unit A3 comprises a nitrogen booster 14 and a cooling unit 15.

The nitrogen booster 14 is provided in the nitrogen gas branch pipeline
L431 upstream from the main heat exchanger 1, and boosts the pressure of the
nitrogen gas to a predetermined pressure.
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The second cooling unit 15 cools the nitrogen gas pressure-boosted by the
nitrogen booster 14 to a predetermined temperature.

An expansion turbine 81 expands the nitrogen gas which has been cooled by
the second cooling unit 15, once again introduced from the warm end of the
main heat exchanger 1, and drawn from an intermediate stage thereof.

[0038]

(Embodiment 4)

An air separation unit A4 according to embodiment 4 will be described with
the aid of fig. 4. Reference numerals the same as those in embodiment 3 have
the same functions, and therefore descriptions thereof may be omitted. The
air separation unit A4 comprises a recycling nitrogen line L431b.

The recycling nitrogen |line L431b is a |ine which branches from the nitrogen
gas branch pipeline L431 inside the main heat exchanger 1, draws nitrogen gas
out from the cold end of the main heat exchanger 1, and serves to introduce
nitrogen gas into the rectification portion 22 or the upper portion 23 of the
medium-pressure rectification column 2.

A valve V2 is provided in the recycling nitrogen line L431b to regulate the
start of introduction, stopping, and the introduction amount of the recycling
nitrogen gas.

[0039]

(Embodiment 5)

An air separation unit Ab according to embodiment 5 will be described with
the aid of fig. 5. Reference numerals the same as those in embodiment 4 have
the same functions, and therefore descriptions thereof may be omitted. The
air separation unit A5 comprises a second nitrogen booster 17 and a second
cooling unit 18.

The second nitrogen booster 17 is provided in the nitrogen gas branch
pipeline L431 upstream from the first nitrogen booster 14, and boosts the
pressure of the nitrogen gas to a predetermined pressure.

The second cooling unit 18 is provided in the nitrogen gas branch pipeline
L431 upstream from the first nitrogen booster 14 and downstream from the
second nitrogen booster 17, and cools the nitrogen gas pressure-boosted by
the second nitrogen booster 17 to a predetermined temperature.

The second nitrogen booster 17 is driven by means of the oxygen turbine 9.

[0040]

(Embodiment 6)

An air separation unit A6 according to embodiment 6 will be described with
the aid of fig. 6. Reference numerals the same as those in embodiment 1 have
the same functions, and therefore descriptions thereof may be omitted. The
air separation unit A6 is configured without the crude argon column or the
crude argon condenser.

The oxygen pipeline L31 is a pipeline which introduces oxygen into the cold
end of the sub-cooler 7 and draws oxygen from the warm end thereof.

[0041]

(Example)

The results of a physical simulation of the air separation unit according

to embodiment 3 will be presented.
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Feed air at a temperature of 20.0° C, a pressure of 9.4 barA, and a flow
rate of 1000 Nm°/h is introduced from the warm end of the main heat exchanger,
cooled to -163° G, and then introduced into the medium-pressure rectification
column.

The medium—pressure rectification column comprises the nitrogen condenser
at the top, and although the nitrogen gas at the top is condensed and returned
to the medium-pressure rectification column top, a 424 Nm*/h portion of the
ligquid nitrogen is drawn out and cooled to -184° C in the sub-cooler, and
supplied to the top of the low-pressure rectification column. An oxygen-rich
liquid having an oxygen concentration of 36.4% is drawn at 576 Nm*/h from the
bottom of the medium-pressure rectification column and cooled to -170° C in
the sub-cooler, after which it is introduced at an intermediate stage of the
low—pressure rectification column or the low-temperature side of the crude
argon condenser.

Low-pressure nitrogen gas is drawn at 781 Nm’/h from the top of the low-
pressure rectification column, and drawn out at 18° C and 2.4 barA through
the sub-cooler and the main heat exchanger. Oxygen gas having an oxygen
concentration of 99% is drawn at 211 Nm®/h from the bottom of the low-pressure
rectification column, heated to -126° C in the main heat exchanger, and then
expanded from 2.5 barA to 1.28 barA by the oxygen turbine. At this time, the
oxygen turbine outputs 1.7 kW of work to the outside, and the oxygen gas is
cooled to -149° C. The oxygen gas is reintroduced into the main heat exchanger
where it is heated and then drawn from the warm end of the main heat exchanger.

A gas comprising 10% argon and 90% oxygen is introduced at 299 Nm*/h to the
bottom of the crude argon column where it is rectified, and argon is drawn
from the column top at 8 Nm®/h. 291 Nm*/h of liquid is returned to the low-
pressure rectification column from the bottom of the crude argon column.

Under these conditions, the cold required to |iquefy 8 Nm®*/h corresponding
to approximately 1% of the low-pressure nitrogen gas in order to produce
liguid nitrogen is 1.1 kW, corresponding to 65% of the amount of cold
generated by the oxygen turbine. In order to generate this cold, nitrogen gas
at 20° C, 10 barA and 75 Nm*/h is cooled to -119° C, expanded to 2.6 barA by
the nitrogen turbine, and cooled to -164° C. This is then merged with low-
pressure nitrogen gas supplied from the sub—cooler and is introduced into the
main heat exchanger. The nitrogen turbine is capable of generating the cold
required for this liquefaction, and therefore enables the heat balance in the
air separation unit to be maintained even if liquid nitrogen is drawn out.

[0042]

In the configurations of the embodiments above, the inlet temperature of
the oxygen turbine is -126° C while the inlet temperature of the nitrogen
turbine is -119° C, thereby enabling gas to be drawn at a temperature 7° C
higher. In the turbine cycle, the amount of work provided to the outside can
be increased when the gas is expanded at a higher temperature, but it may no
longer be possible to supply the cold required for gas cooling in a low-
temperature region. In this embodiment, when additional cold is required by
the nitrogen turbine in order to liquefy the product gas, etc. while the base
load of cold is supplied by the oxygen turbine, the cold can be efficiently
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generated using the synergistic effect with the oxygen turbine by expanding
the nitrogen gas at a higher temperature than the oxygen turbine inlet
temperature.

This configuration does not employ feed air or medium-pressure nitrogen
which contribute to the vapour stream in the medium-pressure rectification
column, so the yields of product nitrogen and product argon are unaffected.
For example, when feed air is used as a cold source, around 7% of the feed
air is expanded by the expansion turbine in order to generate cold, which
means that it no longer contributes to rectification, and this affects the
yield of nitrogen or argon by around 7% so this embodiment also has the
marked advantage of eliminating such an effect.

[0043]

(Other embodiments)

(1) Although not explicitly stated, pressure regulating devices and flow rate
control devices, etc. may be installed in each pipeline in order to regulate
pressure and regulate flow rate.

(2) Although not explicitly stated, control valves and gate valves, etc. may
be installed in each Iline.

(3) Although not explicitly stated, pressure regulating devices and
temperature measuring devices, etc. may be installed in each column in order
to regulate pressure and regulate temperature.

[Key to Symbols]

[0044] 1--- Main heat exchanger, 2:-- Medium—pressure rectification column
3--- Nitrogen condenser, 4--- Low-pressure rectification column, 5--- Crude
argon column, 6--- Crude argon condenser, 8--- Nitrogen turbine, 9--- Oxygen
turbine, 10--- Nitrogen compressor, 11--- Gooling unit
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[Document Name] CLAIMS
[Claim 1]

Air separation unit comprising: a main heat exchanger having feed air
introduced from a warm end thereof and drawn from a cold end thereof;

a medium-pressure rectification column into which the feed air drawn from
the main heat exchanger is introduced;

a nitrogen condenser into which a vapour stream is introduced from the
medium-pressure rectification column, the vapour stream being condensed and
drawn out as a reflux liquid;

a low-pressure rectification column into which an oxygen-rich liquid drawn
from the medium-pressure rectification column is introduced;

an oxygen turbine for expanding and cooling an oxygen-rich gas drawn from
the nitrogen condenser, after the oxygen-rich gas has undergone heat exchange
in the main heat exchanger; and

a nitrogen turbine for expanding nitrogen gas drawn from the low-pressure
rectification column, after said nitrogen gas has undergone heat exchange at
least in the main heat exchanger, been compressed to a predetermined pressure
and cooled, and once again cooled in the main heat exchanger, wherein

an inlet temperature of the oxygen turbine is lower than an inlet
temperature of the nitrogen turbine.

[Claim 2]

Air separation unit according to Claim 1, comprising: a crude argon column
into which an oxygen-containing fluid drawn from the |ow-pressure
rectification column is introduced; and

a crude argon condenser into which a vapour stream is introduced from the
crude argon column, the vapour stream being condensed and drawn out as a
reflux liquid.

[Claim 3]

Air separation unit according to Claim 1, comprising: a nitrogen gas
pipeline which draws nitrogen gas from the low-pressure rectification column
and extracts nitrogen gas at least via the main heat exchanger;

a nitrogen gas branch pipeline which branches from the nitrogen gas pipeline
downstream from the main heat exchanger, once again introduces the nitrogen
gas from the warm end of the main heat exchanger, draws out nitrogen gas from
an intermediate portion, the nitrogen gas then being expanded by the nitrogen
turbine and merged into the nitrogen gas pipeline or extracted as nitrogen
gas once again via the main heat exchanger:;

a bypass |ine which branches from the nitrogen gas branch pipeline, bypasses
the main heat exchanger so that nitrogen gas is not introduced therein, and
merges with the nitrogen gas branch pipeline; and

a regulating valve for regulating an amount of nitrogen gas circulating
through the bypass |ine.

[Claim 4]

Air separation unit according to Claim 1, comprising: a nitrogen gas
pipeline which draws nitrogen gas from the low-pressure rectification column
and extracts nitrogen gas at least via the main heat exchanger;
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a nitrogen gas branch pipeline which branches from the nitrogen gas pipeline
downstream from the main heat exchanger, once again introduces the nitrogen
gas from the warm end of the main heat exchanger, draws out nitrogen gas from
an intermediate portion, the nitrogen gas then being expanded by the nitrogen
turbine and merged into the nitrogen gas pipeline or extracted as nitrogen
gas once again via the main heat exchanger:;

a nitrogen booster which is provided in the nitrogen gas branch pipeline
and boosts the pressure of the nitrogen gas to a predetermined pressure; and

a second cooling unit for cooling the nitrogen gas pressure-boosted by the
nitrogen booster.

[Claim 5]

Air separation unit according to Claim 3 or 4, further comprising a
recycling nitrogen line which branches from the nitrogen gas branch pipeline
inside the main heat exchanger, draws nitrogen gas out from the cold end of
the main heat exchanger, and serves to introduce nitrogen gas into the medium-
pressure rectification column.

[Claim 6]

Air separation unit according to Claim 3 or 4, further comprising: a second
nitrogen booster which is provided in the nitrogen gas branch pipeline and
boosts the pressure of the nitrogen gas to a predetermined pressure; and

a second cooling unit which is provided in the nitrogen gas branch pipeline
and cools the nitrogen gas pressure-boosted by the second nitrogen booster
[Claim 7]

Air separation unit according to Claim 1 or 2, further comprising a sub-
cooler which has an oxygen-rich |iquid drawn from the medium-pressure
rectification column introduced from a warm end and drawn from a cold end.



