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(57)  An air separation unit comprises a first rectifica- Fig. 1]

tion column (2), having a top condenser (31) and a sec- N p—

ond rectification column (4) placed side by side, a heat .

exchanger (101), a first pump (11) and a second pump E ] i 5“1

(12) connected in parallel, the first pump being capable
of producing liquid at a first liquid pressure and the sec-
ond pump being capable of producing liquid at a second
liquid pressure, higher than the first pressure, each pump
having an inlet connected to the second column, a first
outlet of the first pump being connected to a first outlet
conduit (L13), a second outlet of the second pump being
connected to a second outlet conduit (L12), the first and
second outlet conduits being connected to the condenser
section .
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Description

[0001] The presentdisclosure relates to an air separation unit and to an air separation process for producing a product
gas (e.g., nitrogen, argon or oxygen) from feed air by cryogenic distillation.

Background Art

[0002] Patent Document 1 describes a pump process in a cryogenic air separation unit, where the same pump is used
for different purposes in view of the need to reduce equipment costs. Patent Document 2 indicates that two or more
pumps are provided from the point of view of reliable pump operations, and when an abnormal mode has been detected
in one pump, the pump in which the abnormal mode has been detected is stopped, while output of the other is increased.
Patent Document 3 describes a liquid oxygen pump for supplying liquid oxygen for the production of product oxygen
gas, and a liquid oxygen pump for supplying liquid oxygen to be used as a refrigerant in a crude argon condenser.

Prior Art Documents

[0003]
Patent Document 1 = JP 6257656 B2
Patent Document 2 = JP 5800620 B2
Patent Document 3 = WO 2021/230911 A1

Problems to be Solved by the Invention

[0004] Itis desirable for multiple pumps to be provided from the point of view of reliable pump operations, as in Patent
Document 2, so that continuous operation is possible even when there is a fault. On the other hand, providing pumps
for different purposes not only leads to an increase in equipment costs because of the need to install a large amount of
equipment, but also leads to more pipes and a larger installation area, hence greater construction costs and worse
economics. Accordingly, there is a need to develop a highly reliable, low-cost pump configuration.

[0005] Conventionally, it is simple to devise a redundant pump configuration, in which multiple pressure values for
each purpose are designed as operating points, and the pumps operate at the respective pressure values according to
the purpose. In Patent Document 3, for example, a cryogenic air separation apparatus may have a configuration com-
prising both a process pump for supplying a reflux liquid to a rectification column and a vaporizer, and a product pump
for delivering a product liquefied gas. In this case, the process pump needs power for a high/low difference at a liquid
supply source and supply destination. The product pump needs power for a supply pressure, in addition to a high/low
difference at the liquid supply source and supply destination or vaporization point. The required power per unit flow rate
of the product pump tends to be greater than that of the process pump.

[0006] In aredundant pump configuration, however, the pump design point is based on maximum pressure and flow
rate, and the pumps can only be operated at a lower pressure or a lower throughput than the design point during steady
operation, so that continuous operation is still possible in case there is a fault in one piece of equipment. Because the
pumps have an operable range, if the demand for high-pressure purposes falls below a lower limit of the pump throughput,
this produces energy loss in proportion to the difference between the demand for high-pressure purposes and the lower
limit of the pump throughput.

[0007] Furthermore, when a single pump serves as both the process pump and the product pump, as in Patent
Document 1, an outlet pressure of the pump needs to conform to product purposes, which causes an overpressure of
the reflux liquid when the pump serves as the process pump. The energy of this overpressure produces heat penetration,
which therefore leads to a loss of cold heat in a cryogenic air separation unit. A low-temperature refrigerant such as
liquefied nitrogen is separately needed to replenish the loss of cold heat, and this increases costs. Furthermore, Patent
Document 2 merely indicates that either one of the pumps is caused to function as a backup pump when there is an
abnormality.

[0008] The objective of the present disclosure lies in providing a liquefied gas supply system for supplying liquefied
gas for two purposes, which reduces power consumption by pumps and, as a result, reduces heat input to a cryogenic
air separation process so that thermal efficiency can be improved, by virtue of a pump control method that minimises
energy loss, and also in providing an air separation unit comprising the liquefied gas supply system.

Means for Solving the Problems

[0009] According to an object of the invention, there is provided an air separation unit comprising a first rectification
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column having an operating pressure which is a first pressure, a second rectification column having an operating pressure
which is a second pressure, less than the first pressure, the first rectification column having a top condenser enclosed
within a condenser section having an operating pressure which is the second pressure , a supply source which is a lower
region of the second rectification column, the first rectification column and the second rectification column being placed
side by side, a heat exchanger, means for sending feed air to the heat exchanger to be cooled and from the heat
exchanger to the first rectification column, means for sending a gas from the condenser section to the bottom of the
second rectification columns, a conduit for sending the gas removed from the top of the second rectification column to
the heat exchanger to be warmed, a first pump and a second pump connected in parallel, the first pump being capable
of producing liquid at a first liquid pressure and the second pump being capable of producing liquid at a second liquid
pressure, higher than the first pressure, preferably at least 5 bars higher than the first pressure, each pump having an
inlet connected to the supply source, a first outlet of the first pump being connected to a first outlet conduit, a second
outlet of the second pump being connected to a second outlet conduit, the first outlet conduit being connected at a first
removal point via a first valve to the condenser section and the second outlet conduit being connected at a second
removal point via a second valve to the condenser section, the first outlet conduit being optionally connected at a third
removal point via a third valve to the heat exchanger and the second outlet conduit being connected at a fourth removal
point via a fourth valve to the heat exchanger.

[0010] The unit may optionally include:

- means for mixing liquid removed via the first valve with liquid removed via the second valve and sending the mixed
liquid in a common conduit to the condenser.

- the first valve and the second valve are connected to the condenser section via separate conduit means.

- the first removal point is upstream of the third removal point and/or the second removal point is upstream of the
fourth removal point.

- astorage tank for storing liquid from a first or second pump upstream of the condenser section

- means for sending liquid from a first or second pump to the bottom of the second column

- means for sending liquid nitrogen from an external source to the first or second column

- aturbine and means for sending feed air or vaporised liquid oxygen from the condenser to the turbine

[0011] According to another object of the invention, there is provided an air separation process using a first rectification
column operating at a first pressure, a second rectification column operating at a second pressure, less than the first
pressure, the first rectification column having a top condenser enclosed within a condenser section operating at the
second pressure , a supply source which is a lower region of the second rectification column, the first rectification column
and the second rectification column being placed side by side and a heat exchanger wherein feed air is sent to the heat
exchanger to be cooled and then from the heat exchanger to the first rectification column, a gas from the condenser
section is sent to the bottom of the second rectification column, a gas is removed from the top of the second rectification
column, and sent to the heat exchanger to be warmed, wherein in normal operation, a first pump and a second pump
connected in parallel are used to pressurise liquid from the bottom of the second rectification column, the first pump
producing liquid at a first liquid pressure and the second pump producing liquid at a second liquid pressure, higher than
the first liquid pressure, preferably at least 5 bars higher than the first liquid pressure, and the first pump sends liquid at
the first liquid pressure to the condenser section and the second pump sends liquid at the second liquid pressure to the
heat exchanger, wherein liquid at the second liquid pressure is at least sometimes sent from the second pump to the
condenser section.

[0012] According to optional features of the process:

- no liquid is sent in normal operation from the first pump to the heat exchanger.

- the liquid at the second liquid pressure sent from the second pump to the condenser section has a flowrate corre-
sponding to between 3 and 100%, even between 3 and 50%, possibly between 3 and 15%, preferably between 5
and 10% of the flowrate of the liquid at the first liquid pressure sent from the first pump to the condenser section
during normal operation.

- the liquid at the second pressure is not expanded between the second removal point and the condenser section.

- theliquid at the first liquid pressure and the liquid at the second liquid pressure are mixed upstream of the condenser
section.

- the liquid at the first liquid pressure and the liquid at the second liquid pressure are not mixed upstream of the
condenser section.

- thefirst and second liquid pressures differ by no more than 10 bars, preferably by no more than 7 bars.

- part of the refrigeration for the process is provided by liquid nitrogen from an external source.

- liquid at the second liquid pressure is sent from the second pump to the condenser section if the first pump is not
operating.
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- during normal operation liquid at the second liquid pressure is not sentfrom the second pump to the condenser section.

- liquid at the second liquid pressure is sent from the second pump to the condenser section if the first pump is
operating at a reduced rate as compared to the rate during normal operation.

- the liquid at the second liquid pressure is reduced in pressure upstream of the condenser section.

- during normal operation, the molar flowrate of liquid sent from the first pump to the condenser is at least five times,
preferably at least eight times higher than the molar flowrate of liquid sent from the first pump to the heat exchanger

[0013] A liquefied gas supply system according to the present disclosure may comprise:

» afirstliquid feed pump which is used to feed a first liquefied gas from a supply source (e.g., a column bottom portion
of a rectification column, or a product liquefied gas storage tank, etc.) to a low-pressure supply destination (e.g., a
rectification column, vaporizer, or condenser, etc.) for low-pressure purposes (e.g., for the purpose of circulation to
the rectification column, for refrigerant purposes in the vaporizer or condenser);

* asecond liquid feed pump which is used to feed a second liquefied gas from the supply source to a high-pressure
supply destination (e.g., a heat exchanger or demand destination, etc.) for high-pressure purposes (e.g., delivery
to the heat exchanger for product gas purposes, etc.); and

e a control unit configured to control the first liquid feed pump and the second liquid feed pump .

[0014] The control unit may be configured to implement:

» first circulation liquid in-feed processing for feeding the first liquefied gas from the supply source to the low-pressure
supply destination by means of the first liquid feed pump which is in a low-pressure operating mode; and

» firstproductliquid in-feed processing for feeding the second liquefied gas from the supply source to the high-pressure
supply destination by means of the second liquid feed pump which is in a high-pressure operating mode.

[0015] The control unit may be configured to implement:

* second circulation liquid in-feed processing for feeding the first liquefied gas from the supply source to the low-
pressure supply destination by means of the first liquid feed pump which is in the low-pressure operating mode, and
also for feeding in a portion W1of the second liquefied gas from the supply source to the low-pressure supply
destination by means of the second liquid feed pump which is in the high-pressure operating mode; and

* second product liquid in-feed processing for feeding in the remainder W2of the second liquefied gas from the supply
source to the high-pressure supply destination by means of the second liquid feed pump which is in the high-pressure
operating mode (W1 + W2 = total in-feed amount from the second liquid feed pump).

[0016] The control unit may be configured to implement:

* when the first liquid feed pump is in a stopped state, first liquid feed pump stoppage processing for feeding in a
portion W21 of the second liquefied gas from the supply source to the high-pressure supply destination and for
feeding in the remainder W22 of the second liquefied gas to the low-pressure supply destination by means of the
second liquid feed pump (W21 + W22 = total in-feed amount from the second liquid feed pump).

[0017] The control unit may be configured to implement:

* when the second liquid feed pump is in a stopped state, second liquid feed pump stoppage processing for feeding
in a portion W11 of the first liquefied gas from the supply source to the low-pressure supply destination and for
feeding in the remainder W12 of the product liquefied gas to the high-pressure supply destination by means of the
first liquid feed pump (W11 + W12 = total in-feed amount from the first liquid feed pump).

[0018] The control unit may be configured to control:

e an amount (amount per unit time) of the first liquefied gas fed from the supply source to the low-pressure supply
destination by means of the first liquid feed pump , and may control an amount (amount per unit time) of the second
liquefied gas fed from the supply source to the high-pressure supply destination by means of the second liquid feed
pump, correspondingly with liquid amount data from a liquid amount measurement unit (e.g., a liquid level gauge,
etc.) for measuring an amount of liquid at the supply source.

[0019] The control unit may be configured to control:
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e an amount (amount per unit time) of the first liquefied gas fed from the supply source to the low-pressure supply
destination by means of the first liquid feed pump and may control an amount (amount per unit time) of the second
liquefied gas fed from the supply source to the high-pressure supply destination by means of the second liquid feed
pump , correspondingly with liquid amount data from a flow rate measurement unit (e.g., a flowmeter, etc.) for
measuring an amount of liquid fed to the low-pressure supply destination.

[0020] The control unit may control:

e an amount (amount per unit time) of the first liquefied gas fed from the supply source to the low-pressure supply
destination by means of the first liquid feed pump , and may control an amount (amount per unit time) of the second
liquefied gas fed from the supply source to the high-pressure supply destination by means of the second liquid feed
pump , correspondingly with liquid amount data from a flow rate measurement unit (e.g., a flowmeter, etc.) for
measuring an amount of liquid fed to the high-pressure supply destination, or gas amount data from a gas amount
measurement unit for measuring a flow rate of product gas drawn from the high-pressure supply destination.

[0021] The control unit may operate the second liquid feed pump , which is in a high-pressure operating mode, at a
minimum flow rate, and may operate the first liquid feed pump , which is in a low-pressure operating mode, so as to
respond to process fluctuations (e.g., fluctuation in a circulation liquid amount or fluctuation in a product gas amount).
[0022] A pipe configuration may be such that a first low-pressure liquid feed line (first branch pipe ) running from the
first liquid feed pump to the low-pressure supply destination, and a second low-pressure liquid feed line (circulation
branch pipe L14) running from the second liquid feed pump to the low-pressure supply destination do not merge, or merge.
[0023] The pipe configuration may be such that a first high-pressure liquid feed line (product liquid branch pipe L13
or first outlet conduit) running from the first liquid feed pump to the high-pressure supply destination, and a second high-
pressure liquid feed line (second branch pipe L12 or second outlet conduit) running from the second liquid feed pump
to the high-pressure supply destination may or may not merge..

[0024] Valves may be provided in each of the liquid feed lines. The control unit may also control opening/closing of
the valves and flow rate regulation, correspondingly with detection data of the liquid level gauge or the flow rate meas-
urement unit. The liquefied gas supply system may comprise:

* afirst return pipe for returning, to the supply source (column bottom portion of a second rectification column ), a
portion of the product liquefied gas (liquefied oxygen) fed from the first liquid feed pump ; and

e asecond return pipe for returning, to the supply source (column bottom portion of the second rectification column )
a portion of the product liquefied gas (liquefied oxygen) fed from the second liquid feed pump (12).

[0025] The control unit may control the valves provided each of the pipes, and may regulate opening/closing thereof
or flow rate.
[0026] An air separation unit according to the present disclosure may optionally comprise:

* amain heat exchanger into which feed air is introduced;

*  afirst rectification column into which the feed air that has passed through the main heat exchanger is introduced;

* anitrogen condenser for condensing a nitrogen-rich substance (in the form of a gas or a gas-liquid mixture) drawn
from a column top portion or an upper stage of a rectification portion of the first rectification column ;

* asecond rectification column having a column bottom portion for the introduction of an oxygen-rich gas drawn from
a column top portion of the nitrogen condenser;

* an oxygen-enriched liquid drawing pipe for introducing an oxygen-enriched liquid drawn from the column bottom
portion (21) of the first rectification column (2)

* into a rectification portion (first intermediate rectification portion 42) of the second rectification column ;

* an expansion turbine for expanding a portion of the feed air drawn from partway through the main heat exchanger);

* a second feed air pipe through which the feed air used in the expansion turbine is introduced into a rectification
portion (second intermediate rectification portion of the second rectification column ;

*  a nitrogen-rich substance introduction pipe for introducing a nitrogen-rich substance (in the form of a gas, a liquid,
or a gas-liquid mixture) drawn from the column top portion of the first rectification column into a column top portion
or an upper portion of a second rectification portion of the second rectification column ;

e aproduct nitrogen gas pipe for extracting product nitrogen gas that has been drawn from the column top portion of
the second rectification column and passed through the main heat exchanger;

* a low-pressure oxygen pipe for causing an oxygen-rich gas drawn from the column top portion of the nitrogen
condenser

e to pass through the main heat exchanger , and extracting low-pressure oxygen gas; and
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e the liquefied gas supply system .

[0027] An air separation unit according to different disclosure constitutes a high-pressure air separation unit, may
comprise:

e amain heat exchanger into which feed air is introduced;

* afirst rectification column into which the feed air that has passed through the main heat exchanger is introduced;

* anitrogen condenser for condensing a nitrogen-rich substance (in the form of a gas or a gas-liquid mixture) drawn
from a column top portion or an upper stage of a rectification portion of the first rectification column ;

* asecond rectification column having a column bottom portion for the introduction of an oxygen-enriched gas drawn
from a column top portion of the nitrogen condenser );

* an oxygen enriched liquid drawing pipe) for introducing an oxygen-enriched liquid drawn from the column bottom
portion of the first rectification column into a rectification portion (firstintermediate rectification portion ) of the second
rectification column ;

* an expansion turbine into which an oxygen-rich gas drawn from the column top portion of the nitrogen condenser
is introduced (via a low-pressure oxygen line) after passing through a portion of the main heat exchanger;

* alow-pressure oxygen line for causing the oxygen-rich gas used in the expansion turbine to pass through the main
heat exchanger, and extracting low-pressure oxygen gas;

* a nitrogen-rich substance introduction pipe for introducing a nitrogen-rich substance (in the form of a gas, a liquid,
or a gas-liquid mixture) drawn from the column top portion of the first rectification column into a column top portion
or an upper portion of a second rectification portion of the second rectification column ;

e aproduct nitrogen gas line for extracting product nitrogen gas that has been drawn from the column top portion of
the second rectification column and passed through the main heat exchanger; and

* the liquefied gas supply system .

[0028] An air separation unit according to different disclosure constitutes a high-pressure air separation unit further
provided with an argon rectification column, may comprise:

* amain heat exchanger into which feed air is introduced;

* afirst rectification column into which the feed air that has passed through the main heat exchanger is introduced;

* anitrogen condenser for condensing a nitrogen-rich substance (in the form of a gas or a gas-liquid mixture) drawn
from a column top portion or an upper stage of a rectification portion of the first rectification column ;

* asecond rectification column (4) having a column bottom portion for the introduction of an oxygen-rich gas drawn
from a column top portion of the nitrogen condenser;

* an oxygen-enriched liquid drawing pipe for introducing an oxygen-enriched liquid drawn from the column bottom
portion of the first rectification column into a rectification portion (first intermediate rectification portion 42) of the
second rectification column ;

* an oxygen-enriched liquid drawing branch pipe for introducing an oxygen-enriched liquid drawn from the column
bottom portion of the first rectification column into a column top portion of the argon rectification column or arefrigerant
portion of a second condenser;

* an argon rectification column having a column bottom portion for the introduction of a first rectified substance drawn
from a rectification portion (first intermediate rectification portion of the second rectification column ;

* a bottom portion drawing pipe for introducing a second rectified substance (e.g., an oxygen-rich liquid) drawn from
the column bottom portion into the rectification portion of the second rectification column ;

* a first condensing portion for condensing (liquefying) an argon-rich substance (in the form of a gas or a gas-liquid
mixture) drawn from a column top portion of the argon rectification column;

e a gas drawing pipe for introducing a gas (e.g., an oxygen-rich gas) drawn from a column top portion of the first
condensing portion into the rectification portion of the second rectification column ;

* an expansion turbine into which an oxygen-rich gas drawn from the column top portion of the nitrogen condenser
is introduced after passing through a portion of the main heat exchanger;

* alow-pressure oxygen line for causing the oxygen-rich gas used in the expansion turbine to pass through the main
heat exchanger, and extracting low-pressure oxygen gas;

*  a nitrogen-rich substance introduction pipe for introducing a nitrogen-rich substance (in the form of a gas, a liquid,
or a gas-liquid mixture) drawn from the column top portion of the first rectification column into a column top portion
or an upper portion of a second rectification portion of the second rectification column ;

e aproduct nitrogen gas line for extracting product nitrogen gas that has been drawn from the column top portion of
the second rectification column and passed through the main heat exchanger; and

e the liquefied gas supply system.



10

15

20

25

30

35

40

45

50

55

EP 4 464 961 A1

[0029] Pressure gauges and thermometers, etc. may be provided in the first and second rectification columns and in
the argon rectification column .

[0030] Gate valves, flow rate control valves, and expansion valves, etc. may be provided in each of the pipelines.
[0031] Flowmeters, pressure gauges and thermometers, etc. may be provided in each of the pipelines.

[0032] In the present disclosure, output pressures of the liquid feed pumps are generally determined by the pressure
at the supply destination, a lift height from the pump to the supply destination, and pressure loss in the pipes. The liquid
feed pumps are operable within a predetermined pressure range; in a low-pressure operating mode, the liquid feed
pumps are operated at a low pressure conforming to the pressure at a low-pressure supply destination, and in a high-
pressure operating mode, the liquid feed pumps are operated at a high-pressure conforming to the pressure at a high-
pressure supply destination.

[Brief Description of the Drawings]
[0033]

[Fig. 1A] Fig. 1A is a configuration example of an air separation unit according to embodiment 1.

[Fig. 1B] Fig. 1B is a configuration example of an air separation unit according to embodiment 2.

[Fig. 1C] Fig. 1C is a configuration example of an air separation unit according to embodiment 3.

[Fig. 1D] Fig. 1D is a configuration example of an air separation unit according to embodiment 4.

[Fig. 2] Fig. 2 is a configuration example of a air separation unit capable of operating of at higher pressures than
the units of Fig. 1.

[Fig. 3] Fig. 3 is a configuration example of a high-pressure air separation unit comprising an argon rectification
column.

Embodiments of the Invention

[0034] Several embodiments of the present invention will be described below. The embodiments described below
illustrate examples of the present invention. The present invention is in no way limited 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 essential components of the
present invention.

Definition of Terminology

[0035] Inthis specification, "upstream" and "downstream" are based on flows of gas (e.g., feed air, oxygen gas, nitrogen
gas, argon gas) or various liquefied gases.

Embodiment 1

[0036] An air separation unit 100 according to embodiment 1 illustrated in fig. 1A constitutes a low-pressure air sep-
aration unit.

[0037] The air separation unit 100 comprises: a main heat exchanger 101, a first rectification column 2, a nitrogen
condenser 3, a second rectification column 4, an expansion turbine 7 for feed air, a first heat exchanger 102, and a
liquefied gas supply system 1.

[0038] The first rectification column 2 comprises a column bottom portion 21, a rectification portion 22, and a column
top portion 23. The second rectification column 4 comprises a column bottom portion 41, a rectification portion (lower
rectification portion, first intermediate rectification portion 42, second intermediate rectification portion 43 in a stage
above, and upper rectification portion), and a column top portion 44.

[0039] The main heat exchanger 101 exchanges heat between feed air and another gas. A portion of the feed air
drawn from the main heat exchanger 1 is introduced into the column bottom portion 21, which is a lower portion of the
first rectification column 2, via a first feed air pipe L21.

[0040] The remainder of the feed air is drawn from partway through the main heat exchanger 1 by means of a second
feed air pipe L21a which branches from the first feed air pipe L21, and fed to the expansion turbine 7. The feed air used
in the expansion turbine 7 is introduced into the second intermediate rectification portion 43 of the second rectification
column 4 by means of the second feed air pipe L21a.

[0041] A portion of the nitrogen gas drawn from the column top portion 23 of the first rectification column 2 by means
of a nitrogen-rich substance drawing pipe L23b is fed to the nitrogen condenser 3, and after being cooled by means of
cold heat of a refrigerant (oxygen-rich liquid) therein, the condensed nitrogen liquid is returned to the column top portion
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23 of the first rectification column 2 by pipe L23.

[0042] The remainder of the nitrogen liquid condensed in the condenser 3 is introduced into the column top portion
44 of the second rectification column 4 via a first branch pipe L23a branching from the nitrogen-rich substance drawing
pipe L23.

[0043] An oxygen-enriched liquid drawn from the column bottom portion 21 of the first rectification column 2 by means
of an oxygen-enriched liquid drawing pipe L211 undergoes heat exchange with another gas in the first heat exchanger
102, and is then fed to the intermediate rectification portion 42 of the second rectification column 4.

[0044] An oxygen-rich gas drawn from the column top portion 32 of the nitrogen condenser 3 by means of a low-
pressure oxygen pipe L321 (or a waste gas pipe) is passed through the main heat exchanger 101 and then extracted
(supplied externally) as low-pressure oxygen gas (or waste gas).

[0045] An oxygen-rich gas drawn from the column top portion 32 of the nitrogen condenser 3 by means of a low-
pressure oxygen pipe L32 is sent to the bottom of the second rectification column.

[0046] Nitrogen gas drawn from the column top portion 44 of the second rectification column 4 by means of a product
nitrogen gas pipe L44 is passed through the first heat exchanger 102 and passed through the main heat exchanger 101,
and is then extracted as product nitrogen gas.

[0047] The liquefied gas supply system 1 comprises: a first liquid feed pump 11 operable in a low-pressure operating
mode or a high-pressure operating mode; a second liquid feed pump operable in a low-pressure operating mode or a
high-pressure operating mode; and a control unit 15 for controlling the first liquid feed pump 11 and the second liquid
feed pump 12 in the low-pressure operating mode and/or the high-pressure operating mode.

[0048] Liquefied oxygen is drawn from the column bottom portion 41 of the second rectification column 4 by means
of a first drawing pipe L1, and fed downstream to suit a predetermined purpose by means of the first liquid feed pump
11 and the second liquid feed pump 12.

[0049] The low-pressure operating mode is determined, for example, by totalling a pressure on the refrigerant side
(liquid oxygen side) of the nitrogen condenser 3 or in the second rectification column 4, a pressure corresponding to a
lift height required to supply a liquid from the first liquid feed pump 11 or the second liquid feed pump 12 to the refrigerant
side of the nitrogen condenser 3, and pipe pressure loss.

[0050] The high-pressure operating mode is determined, for example, when a liquid is to be supplied to a supply
destination, by totalling an operating pressure at the supply destination, a pressure corresponding to a lift height from
the pump to the supply destination, and pipe pressure loss.

[0051] The high-pressure operatingmode is determined, when the liquid is vaporized for supply to the supply destination
as a gas, by totalling a pressure corresponding to the lift height from the pump to a liquid vaporization point and pipe
pressure loss with the pressure at the supply destination. The low pressure is 1.5-5 barA and the high-pressure is 5-20
barA, in terms of rectification column pressure, for example.

First circulation liquid in-feed processing and first product liquid in-feed processing

[0052] The first drawing pipe L1 branches into a first branch pipe L11 and a second branch pipe L12 to feed liquefied
oxygen. The first branch pipe L11 communicates with the nitrogen condenser 3, via a first removal point of pipe L13.
The control unit 15 controls the first liquid feed pump 11 in the low-pressure operating mode so that a portion of branched
first liquefied oxygen (corresponding to a first liquefied gas) is fed to the nitrogen condenser 3 as a circulation liquid (for
the purpose of a refrigerant) (first circulation liquid in-feed processing). In this processing, a first gate valve V1 and a
third gate valve V3 provided in the first branch pipe L11 are controlled to an open state by means of the control unit 15.
Furthermore, a circulation branch pipe L14 branching from the second branch pipe L12 merges with the first branch
pipe L11. A second gate valve V2 provided upstream from a merging position thereof and downstream of a second
removal point of pipe L12 is controlled to a closed state by means of the control unit 15.

[0053] The second branch pipe L12 extends as far as the main heat exchanger 101. The control unit 15 controls the
second liquid feed pump 12 in the high-pressure operating mode so that second liquefied oxygen (corresponding to a
second liquefied gas) fed by the second branch pipe L12 undergoes heat exchange with another gas and is then extracted
as product oxygen gas (first product liquid in-feed processing). In this processing, a fifth gate valve V5 provided in the
second branch pipe L12 is controlled to an open state by means of the control unit 15. Furthermore, a product liquid
branch pipe L13 branching from the first branch pipe L11 merges with the second branch pipe L12 via a third removal
point. A fourth gate valve V4 provided upstream from a merging position and downstream of a fourth removal point
thereof is controlled to a closed state by means of the control unit 15.

[0054] It will be seen that in this case the third and fourth removal points are in fact the same points since pipes L12,
L13 merge. However pipe L13 does not necessarily exist downstream of the first removal point. Furthermore, pipes L12
and L13 do not necessarily merge upstream of the heat exchanger, so that the liquid from pumps 11, 12 could be
vaporised independently.
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Second circulation liquid in-feed processing and second product liquid in-feed processing

[0055] The control unit 15 feeds the first liquefied oxygen to the nitrogen condenser 3 using the first liquid feed pump
11 which is in the low-pressure operating mode, and at the same time feeds a portion (W1) of the second liquefied
oxygen to the nitrogen condenser 3 also using the second liquid feed pump 12 which is in the high-pressure operating
mode (second circulation liquid in-feed processing). The control unit 15 opens the second gate valve V2 to cause the
portion (W1) of the second liquefied oxygen to merge into the first branch pipe L11 through the circulation branch pipe
L14. Furthermore, the control unit 15 feeds the remainder (W2) of the second liquefied oxygen to the main heat exchanger
101, after which it is extracted as product oxygen gas (second product liquid in-feed processing).

[0056] The portion W1 corresponds to between 3 and 50% or even between 3 and 15%, preferably between 5 and
10% of the flowrate of the liquid at the first liquid pressure sent from the first pump 11 to the condenser section 3 in
normal operation.

[0057] The control unit 15 controls the amount of circulation liquid and the amount of product oxygen gas by adjusting
opening/closing or flow rate of the second gate valve V2.

[0058] During normal operation, the molar flowrate of liquid sent from the first pump to the condenser is at least five
times, preferably at least eight times higher than the molar flowrate of liquid sent from the first pump to the heat exchanger;
for example 95% of the liquid from the first pump 11 is sent to condenser 31 and 5% of the liquid from the first pump 11
is sent to the heat exchanger 101.

Embodiment 2

[0059] An air separation unit 100 according to embodiment 2 illustrated in fig. 1B comprises first and second return
pipes L16, L17, in addition to the components of embodiment 1. The same component reference numbers denote the
same functions, and components having additional functions or different functions will be described in particular.
[0060] The first return pipe L16 branches from the first branch pipe L11 downstream from the first liquid feed pump
11 and communicates with the column bottom portion 41 of the second rectification column 4. A sixth gate valve V6 is
provided in the first return pipe L16. Opening/closing and flow rate of the sixth gate valve V6 are controlled and a return
amount of the first liquefied oxygen is adjusted by means of the control unit 15.

[0061] The first return pipe L17 branches from the second branch pipe L12 downstream from the second liquid feed
pump 12 and communicates with the column bottom portion 41 of the second rectification column 4. A seventh gate
valve V7 is provided in the second return pipe L17. Opening/closing or flow rate of the seventh gate valve V7 is controlled
and a return amount of the second liquefied oxygen is adjusted by means of the control unit 15.

Embodiment 3

[0062] An air separation unit 100 according to embodiment 3 illustrated in fig. 1C comprises a liquid level measurement
unit F1 for the column bottom portion 41 of the second rectification column 4 and/or a flow rate measurement unit F2
for the product oxygen gas, in addition to the components of embodiment 1 or 2. The same component reference numbers
denote the same functions, and components having additional functions or different functions will be described in par-
ticular.

[0063] The liquid level measuring unit F1 measures an amount of liquefied oxygen in the column bottom portion 41
of the second rectification column 4. The control unit 15 controls a feed amount of the first liquefied oxygen by means
of the first liquid feed pump 11, correspondingly with the measurement data. Furthermore, the control unit 15 controls
a feed amount of the second liquefied oxygen by means of the second liquid feed pump 12 correspondingly with the
measurement data.

[0064] The flow rate measurement unit F2 is provided in the second branch pipe L12 downstream from the main heat
exchanger 101, and measures the flow rate of product oxygen gas for a demand destination. The control unit 15 controls
the feed amount of the first liquefied oxygen (the amount of circulation liquid which is fed by means of the first liquid feed
pump 11, and the feed amount of the second liquefied oxygen (feed amount of the circulation liquid and amount of
product oxygen gas) by means of the second liquid feed pump 12, correspondingly with the measurement data.
[0065] The air separation unit 100 may comprise both the liquid level measurement unit F1 and the flow rate meas-
urement unit F2, or may comprise either one thereof.

[0066] The control unit 15 may operate the second liquid feed pump 12, which is in the high-pressure operating mode,
at the minimum flow rate, and may operate the first liquid feed pump 11, which is in the low-pressure operating mode,
so as to respond to process fluctuations.
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Embodiment 4

[0067] Anairseparation unit 100 accordingtoembodiment4 illustrated infig. 1D isin accordance with the configurations
of embodiments 1, 2 and 3, but has a different pipe configuration in the liquefied gas supply system 1. The same
component reference numbers denote the same functions, and components having additional functions or different
functions will be described in particular.

[0068] The first branch pipe L11 communicates with the nitrogen condenser 3 and feeds the liquefied oxygen to the
nitrogen condenser 3 as a circulation liquid. A gate valve V11 is provided in the first branch pipe L11. The fourth gate
valve V4 is provided in the product liquid branch pipe L13 which branches from the first branch pipe L11 at a position
upstream from the gate valve V11. The gate valve V11 is opened and the fourth gate valve V4 is closed, whereby the
first liquefied oxygen is fed to the nitrogen condenser 3 by means of the first liquid feed pump 11.

[0069] The second branch pipe L12 extends to the main heat exchanger 101 and feeds liquefied oxygen. The fifth
gate valve V5 is provided in the second branch pipe L12. The circulation branch pipe L14 branching from the second
branch pipe L12 at a position upstream from the fifth gate valve V5 communicates with the nitrogen condenser 3. A gate
valve V12 is provided in the circulation branch pipe L14. The gate valve V12 is closed and the fifth gate valve V5 is
opened, whereby the second liquefied oxygen is fed only to the main heat exchanger 101 by means of the second liquid
feed pump 12. Meanwhile, the gate valve V12 is opened and the fifth gate valve V5 is also opened, whereby a portion
of the second liquefied oxygen (W1) is fed to the nitrogen condenser 3, and the remainder (W2) thereof is fed to the
main heat exchanger 101.

[0070] According to the configuration above, by virtue of the fact that the first branch pipe L11 and the circulation
branch pipe L14 do not merge, it is possible to suppress turbulence which would be at risk of occurring inside the pipes
due to a liquid flow from high-pressure lines to low-pressure lines.

Embodiment 5

[0071] Embodiment 5illustrated in fig. 1D, which is in accordance with embodiments 1, 2, 3 and 4, comprises first and
second liquefied oxygen tanks T1, T2.

[0072] The first liquefied oxygen tank T1 is a tank for extracting the first liquefied oxygen from the first branch pipe
L11 as it runs to the nitrogen condenser 3, and for storing the first liquefied oxygen.

[0073] The second liquefied oxygen tank T2 is a tank for extracting the second liquefied oxygen from the second
branch pipe L12 as it runs to the main heat exchanger 101, and for storing the second liquefied oxygen.

[0074] The first and second liquefied oxygen storage tanks T1, T2 may supply the liquefied oxygen as a product, and
may be utilized as primary storage buffers.

Embodiment 6

[0075] In embodiments 1-5, either one of the first liquid feed pump 11 and the second liquid feed pump 12 is stopped,
and only the other is operated in the high-pressure operating mode, and opening/closing of the gate valves in the pipes
is controlled. When only the first liquid feed pump 11 is operated in the high-pressure operating mode, a portion of the
first liquefied oxygen is fed to the nitrogen condenser 3 as a circulation liquid, and the remainder thereof is fed to the
main heat exchanger 101. When only the second liquid feed pump 12 is operated in the high-pressure operating mode,
a portion of the second liquefied oxygen is fed to the nitrogen condenser 3 as a circulation liquid, and the remainder
thereof is fed to the main heat exchanger 101. This portion may correspond to between 3 and 100% of the liquid sent
from the first pump 11 to the condenser 3 in normal operation i.e. when the first and second pumps both operate, one
sending liquid to the condenser and the other to heat exchanger.

[0076] When the first liquid feed pump 11 has been stopped, the control unit 15 closes the first gate valve V1 (or gate
valve V11) and the fourth gate valve V4, and opens the second gate valve V2 and third gate valve V3 (or gate valve
V12), and the fifth gate valve V5. The second liquid feed pump 12 is operated in the high-pressure operating mode.
[0077] Meanwhile, when the second liquid feed pump 12 has been stopped, the control unit 15 closes the second gate
valve V2 (gate valve V12) and the fifth gate valve V5, and opens the first gate valve V1 and third gate valve V3 (or gate
valve V11), and the fourth gate valve V4. The first liquid feed pump 11 is operated in the high-pressure operating mode.

Embodiment 7
[0078] An air separation unit 200 according to embodiment 7 illustrated in fig. 2 constitutes a high-pressure air sepa-
ration unit. The same component reference numbers denote the same functions, and components having additional

functions or different functions will be described in particular.
[0079] The air separation unit 200 comprises: a main heat exchanger 101, a first rectification column 2, a nitrogen
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condenser 3, a second rectification column 4, an expansion turbine 71, a first heat exchanger 102, and a liquefied gas
supply system 1.

[0080] An oxygen-rich gas drawn from the column top portion 32 of the nitrogen condenser 3 is fed to the expansion
turbine 71 after this gas has passed through a portion of the main heat exchanger 101 via a low-pressure oxygen line
L3211. The oxygen-rich gas which has been used in the expansion turbine 71 is once again fed to the main heat
exchanger 101 from where it is extracted as low-pressure oxygen gas (or waste gas).

[0081] An expansion turbine 7 such as in embodiment 1 is not provided.

[0082] The configurations of embodiments 1-6 are applied to the liquefied gas supply system 1.

Embodiment 8

[0083] An air separation unit 300 according to embodiment 8 illustrated in fig. 3 constitutes a high-pressure air sepa-
ration unit (embodiment 7) comprising an argon rectification column. The same component reference numbers denote
the same functions, and components having additional functions or different functions will be described in particular.
[0084] The argon rectification column 5 comprises a column bottom portion 51, a rectification portion 52, and a column
top portion 53. A first rectified substance (e.g., an oxygen-rich gas) drawn from the first intermediate rectification portion
42, or the rectification portion below, of the second rectification column 4 by means of an intermediate drawing pipe L42
is fed to the column bottom portion 51 of the argon rectification column 5 via the intermediate drawing pipe L42. A second
rectified substance drawn from the column bottom portion 51 by means of a bottom portion drawing pipe L51 is fed to
the first intermediate rectification portion 42 via the bottom portion drawing pipe L51.

[0085] An oxygen-rich liquid drawn from the column bottom portion 21 of the first rectification column 2 passes through
the first heat exchanger 102 via an oxygen-rich liquid drawing pipe L211, and is fed to the first intermediate rectification
portion 42 of the second rectification column 4. The oxygen-rich liquid is fed to a refrigerant portion of a first condensing
portion 6 by means of an oxygen-rich liquid drawing branch pipe L211a branching from the oxygen-rich liquid drawing
pipe L211 at a position downstream from the first heat exchanger 102.

[0086] An argon-rich substance drawn from the column top portion 53 of the argon rectification column 5 by means
of an argon extraction pipe L53 is extracted as product argon via the argon extraction pipe L53.

[0087] A separation pipe L53a separating from the argon extraction pipe L53 communicates with the first condensing
portion 6 and feeds the argon-rich substance to the first condensing portion 6, where the argon-rich substance is con-
densed (liquefied) and returned to the column top portion 53 of the argon rectification column 5.

[0088] A gas (oxygen-rich gas) drawn from the column top portion 62 of the first condensing portion 6 is fed to the first
intermediate rectification portion 42 of the second rectification column 4 via a gas drawing pipe L62. In fig. 3, the gas
drawing pipe L62 merges with the oxygen-rich liquid drawing pipe L211, but this is not limiting.

[0089] The configurations of embodiments 1-6 are applied to the liquefied gas supply system 1.

Other embodiments

[0090]

(1) In embodiments 1-8, the liquefied gas supply system 1 comprises the two liquid feed pumps, i.e., the first and
second liquid feed pumps, but this is not limiting, and three or more liquid feed pumps may be provided.

(2) Application of the liquefied gas supply system 1 is not limited to the air separation units of embodiments 1-8,
and it may also be applied to other air separation units.

[Key to Symbols]
[0091]

1 Liquefied gas supply system

2 First rectification column

3 Nitrogen condenser

4 Second rectification column

5 Argon rectification column 7 Expansion turbine
11 First liquid feedpump

12 Second liquid feed pump

15 Control unit

100 Air separation unit

101 Main heat exchanger

1"
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[0092] Additional refrigeration may be supplied for all the figures by the addition of liquid nitrogen to a column 2,4 from
an external source (liquid assist).
[0093] The present invention solves above technical problems by the configuration characterized as follows.

Case Invention Dedicated pump arrangementwith one pumpfeeding | Shared pumps
the condenser only and another feeding the heat (JP6257656B2)
exchanger only

Heat leak (Mcal/h) 20 19 22

Compensation by N2 liquid | 6 Base 15

assist (kW)

Investment (mJPY) -1 -7 -1

NPV ( mJPY) -4.9 -9.2 -10.7

Claims
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Air separation unit comprising a first rectification column (2) having an operating pressure which is a first pressure,
a second rectification column (4) having an operating pressure which is a second pressure, less than the first
pressure, the first rectification column having a top condenser (31) enclosed within a condenser section (3) having
an operating pressure which is the second pressure , a supply source (41) which is a lower region of the second
rectification column, the first rectification column and the second rectification column being placed side by side, a
heat exchanger (101), means for sending feed air (L21) to the heat exchanger to be cooled and from the heat
exchanger to the first rectification column, means for sending a gas (L32) from the condenser section to the bottom
ofthe second rectification columns, a conduit for sending the gas (L44) removed from the top of the second rectification
column to the heat exchanger to be warmed, a first pump (11) and a second pump (12) connected in parallel, the
first pump being capable of producing liquid at a first liquid pressure and the second pump being capable of producing
liquid at a second liquid pressure, higher than the first pressure, preferably at least 5 bars higher than the first
pressure, each pump having an inlet connected to the supply source, a first outlet of the first pump being connected
to a first outlet conduit (L13), a second outlet of the second pump being connected to a second outlet conduit (L12),
the first outlet conduit being connected at a first removal point via a first valve (V1) to the condenser section and
the second outlet conduit being connected at a second removal point via a second valve (V2) to the condenser
section, the first outlet conduit being optionally connected at a third removal point via a third valve (V4) to the heat
exchanger and the second outlet conduit being connected at a fourth removal point via a fourth valve (V5) to the
heat exchanger.

Unit according to Claim 1 comprising means for mixing liquid removed via the first valve (V1) with liquid removed
via the second valve (V2) and sending the mixed liquid in a common conduit (L11) to the condenser (31).

Unit according to Claim 1 wherein the first valve and the second valve are connected to the condenser section (3)
via separate conduit means (L11, L14).

Unit according to any preceding claim wherein the first removal point is upstream of the third removal point and/or
the second removal point is upstream of the fourth removal point.

Air separation process using a first rectification column (2) operating at a first pressure, a second rectification column
(4) operating at a second pressure, less than the first pressure, the first rectification column having a top condenser
(31) enclosed within a condenser section (3) operating at the second pressure , a supply source (41) which is a
lower region of the second rectification column, the first rectification column and the second rectification column
being placed side by side and a heat exchanger (101) wherein feed air is sent to the heat exchanger to be cooled
and then from the heat exchanger to the first rectification column, a gas (L32) from the condenser section is sent
to the bottom of the second rectification column, a gas (L44) is removed from the top of the second rectification
column, and sent to the heat exchanger to be warmed, wherein in normal operation, a first pump (11) and a second
pump (12) connected in parallel are used to pressurise liquid from the bottom of the second rectification column,
the first pump producing liquid at a first liquid pressure and the second pump producing liquid at a second liquid
pressure, higher than the first liquid pressure, preferably at least 5 bars higher than the first liquid pressure, and the
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first pump sends liquid at the first liquid pressure to the condenser section and the second pump sends liquid at the
second liquid pressure to the heat exchanger, wherein liquid at the second liquid pressure is at least sometimes
sent from the second pump to the condenser section.

Process according to Claim 5 wherein no liquid is sent in normal operation from the first pump (11) to the heat
exchanger (101).

Process according to Claim 5 or 6 wherein the liquid at the second liquid pressure sent from the second pump (12)
to the condenser section has a flowrate corresponding to between 3 and 100%, or to between 3 and 50% or even
between 3 and 15%, preferably between 5 and 10% of the flowrate of the liquid at the first liquid pressure sent from
the first pump (11) to the condenser section (3) in normal operation.

Process according to one of Claims 5 to 7 wherein the liquid at the second pressure is not expanded between the
second removal point and the condenser section (3).

Process according to one of Claims 5 to 8 wherein the liquid at the first liquid pressure and the liquid at the second
liquid pressure are mixed upstream of the condenser section (3).

Process according to one of Claims 5 to 9 wherein the first and second liquid pressures differ by no more than 10
bars, preferably by no more than 7 bars.

Process according to one of Claims 5 to 10 wherein part of the refrigeration for the process is provided by liquid
nitrogen from an external source.

Process according to one of Claims 5 to 11 wherein liquid at the second liquid pressure is sent from the second
pump (12) to the condenser section (3) if the first pump (11) is not operating.

Process according to Claim 12 wherein during normal operation liquid at the second liquid pressure is not sent from
the second pump (12) to the condenser section (3).

Process according to one of Claims 5 to 11 wherein liquid at the second liquid pressure is sent from the second
pump (12) to the condenser section (3) if the first pump (11) is operating at a reduced rate as compared to the rate

during normal operation.

Process according to Claim 12 or 14 wherein the liquid at the second liquid pressure is reduced in pressure upstream
of the condenser section (3).

13
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[Fig. 1A]
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[Fig. 1B]
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[Fig. 1C]

)

a4

11¢1

b— £

oy 7

4%

N eIz
¥

101

ralamiysl

qgd] iu

2

mﬁm‘m

]
i
:
H
L]
1
i
¥
;
:
i
¥
¥
i
i
usling \W\\ﬁ W uaBoniu jonpoid

adpssad pan

0T 7™

o o o e . S o i o

—

He pagd uabAxo Jonpoig

/ g

001

16



EP 4 464 961 A1

[Fig. 1D]
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[Fig. 2]
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[Fig. 3]
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