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[Document Name] Specification 

[Title of the Invention] High-purity oxygen production 

system 

 

[Technical Field] 5 

[0001] 

The present invention relates to a system for producing 

high-purity oxygen. 

 

[Background Art] 10 

[0002] 

There is a demand for high-purity oxygen that does not 

contain high-boiling-point components such as 

hydrocarbons for the semiconductor industry, etc. In 

order to produce this high-purity oxygen, there are 15 

methods in which liquid oxygen obtained from an air 

separation apparatus comprising a medium-pressure column 

and a low-pressure column has impurities removed 

therefrom by means of at least one rectification column, 

as described in Patent Documents 1 and 2, for example. 20 

 

In those methods for obtaining high-purity oxygen by 

rectifying liquid oxygen, it is efficient to supply 

liquid nitrogen in order to maintain a heat balance in 

the process, and it is generally the case that this liquid 25 

nitrogen is directly supplied from a nitrogen 

liquefaction cycle or supplied from a remote facility 

using a tanker lorry or the like. 

 

[0003] 30 

Patent Document 3 indicates that, in the case of high-

purity oxygen for semiconductor production processes, 

etc., the high-purity oxygen is fed by means of a 

pressurization apparatus combining a tank and a 

pressurizer, rather than by means of a mechanical pump, 35 

in order to avoid contamination with metal components 

such as copper that would have an adverse effect on said 

process. 
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[Prior Art Documents] 

[Patent Documents] 

[0004] 

[Patent Document 1] JP 3929799 B2 

[Patent Document 2] JP 6427359 B2 5 

[Patent Document 3] JP 2018-204825 A 

 

[Summary of the Invention] 

[Problems to be Solved by the Invention] 

[0005] 10 

However, when liquid nitrogen for supply to a high-purity 

oxygen production apparatus is supplied remotely by a 

tanker lorry or the like, this involves transportation 

costs, so it would be more desirable to produce liquid 

nitrogen at the site where the high-purity oxygen is 15 

produced. In this case, there is a known method, such as 

described in Patent Document 2, where nitrogen obtained 

from an air separation apparatus is liquefied by means 

of a liquefaction cycle produced by a compressor, a heat 

exchanger and an expansion turbine. That method makes it 20 

possible to reduce the costs involved in transportation 

of liquid nitrogen, but a costly liquefaction apparatus 

is required, while at the same time a large amount of 

energy is consumed because of the operations in which 

low-pressure nitrogen obtained from the air separation 25 

apparatus is compressed to a high pressure in a 

compressor, and decompressed by an expansion valve or an 

expansion turbine. 

 

[0006] 30 

Furthermore, in the method of Patent Document 3, a 

pressurization apparatus is temporarily isolated from a 

high-purity oxygen rectification process and high-purity 

oxygen is pressurized and fed out, after which the inside 

of a tank is depressurized and refilled with high-purity 35 

oxygen liquid from the high-purity oxygen rectification 

process. The high-purity oxygen gas which is released 

during depressurization is recovered in a high-purity 
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oxygen rectification column or preferably re-liquefied 

by means of a condenser, but either case requires a supply 

of liquid nitrogen which is needed in order to re-liquefy 

the high-purity oxygen gas, and there is a temporary 

increase in demand for liquid nitrogen. 5 

 

When liquid nitrogen is supplied from a medium-pressure 

column of the air separation apparatus, the increased 

amount of liquid nitrogen which is drawn out for a time 

leads to a problem in terms of a relative reduction in a 10 

reflux liquid supplied to a low-pressure column of the 

air separation apparatus, and this has an adverse effect 

on rectification in the low-pressure column. 

 

[0007] 15 

In light of the situation described above, the aim of the 

present invention lies in providing a high-purity oxygen 

production system which is capable of supplying liquid 

nitrogen in order to supply the cold required by a high-

purity oxygen production apparatus, without the use of a 20 

costly conventional liquefaction apparatus. 

 

A further aim of the present invention lies in providing 

a high-purity oxygen production system which is capable 

of supplying liquid nitrogen without generating a large 25 

pressure loss, by utilizing the fact that the pressure 

of liquid nitrogen obtained from a medium-pressure column 

is close to the operating pressure of the high-purity 

oxygen production apparatus. 

 30 

A further aim of the present invention lies in providing 

a high-purity oxygen production system in which an air 

separation apparatus (Air Separation Unit; referred to 

below as an “ASU”) and a high-purity oxygen production 

apparatus (Ultra Pure Oxygen Plant) are combined, oxygen 35 

supplied from the ASU is purified by the high-purity 

oxygen production apparatus, and a cold heat balance in 



4 
 

the high-purity oxygen production apparatus can be 

maintained by means of nitrogen supplied from the ASU. 

 

[Means for Solving the Problems] 

[0008] 5 

A high-purity oxygen production system according to the 

present invention comprises: an air separation apparatus 

including a main heat exchanger, a medium-pressure column 

and a low-pressure column; and a high-purity oxygen 

production apparatus including a nitrogen compressor, a 10 

nitrogen heat exchanger and at least one (high-purity) 

oxygen rectification column, 

wherein an oxygen-containing stream serving as a starting 

material for high-purity oxygen is supplied from the low-

pressure column to the high-purity oxygen production 15 

apparatus, and liquid nitrogen obtained from the medium-

pressure column is supplied to the high-purity oxygen 

production apparatus in order to replenish cold heat 

required for operation of the high-purity oxygen 

production apparatus. 20 

 

By virtue of this configuration, it is possible to supply 

liquid nitrogen in order to supply the cold required by 

the high-purity oxygen production apparatus, without the 

use of a costly conventional liquefaction apparatus. 25 

Furthermore, the pressure of the liquid nitrogen obtained 

from the medium-pressure column is close to an operating 

pressure of the high-purity oxygen production apparatus, 

so it is possible to supply liquid nitrogen without 

generating a large pressure loss, which is efficient. 30 

 

[0009] 

The air separation apparatus (A1) comprises: 

a main heat exchanger (1) for subjecting starting 

material air (Feed air) to heat exchange; 35 

a medium-pressure column (2) to which the starting 

material air that has passed through the main heat 

exchanger (1) is introduced, the medium-pressure column 
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(2) having a medium-pressure column bottom (21) in which 

a first rectification liquid (oxygen-rich liquid) is 

collected, a medium-pressure column rectification 

portion (22) for rectifying the starting material air, 

and a medium-pressure column top (23) arranged above the 5 

medium-pressure column rectification portion (22); and 

a low-pressure column (4) arranged above the medium-

pressure column (2), the low-pressure column (4) having 

a low-pressure column bottom (41) inside or below which 

is arranged a nitrogen condenser (3) for condensing a gas 10 

drawn from the medium-pressure column top (23) and 

conducted by a circulation line (L6) and in which a second 

rectification liquid (oxygen-containing stream) is 

collected, a low-pressure column rectification portion 

(42) for rectifying the first rectification liquid 15 

(oxygen-rich liquid) drawn from the medium-pressure 

column bottom (21) (by introducing the first 

rectification liquid at a first intermediate stage after 

heat exchange in a heat exchanger (sub-cooler (5)), and 

a low-pressure column top (43) to which is introduced at 20 

least a portion of a condensed stream (comprising 

condensed liquid nitrogen (enriched state) or nitrogen 

(enriched state) gas, or a mixed state thereof) condensed 

in the nitrogen condenser (3) (after said portion has 

undergone heat exchange in the heat exchanger (sub-cooler 25 

(5) via a line (L621)). 

 

[0010] 

The high-purity oxygen production apparatus (A2) may 

comprise: 30 

a first oxygen rectification column (7) having: a first 

oxygen rectification column rectification portion (72) 

to which the second rectification liquid drawn from the 

low-pressure column bottom (41) is introduced at an 

intermediate portion thereof or therebelow, a first 35 

oxygen rectification column bottom (71) arranged below 

the first oxygen rectification column rectification 

portion (72), and a first oxygen rectification column top 
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(73) arranged above the first rectification column 

rectification portion (72); 

a first oxygen evaporator (8) arranged inside or below 

the first oxygen rectification column bottom (71), the 

first oxygen evaporator (8) causing evaporation of a 5 

rectification liquid falling from the first oxygen 

rectification column rectification portion (72) and the 

second rectification liquid (oxygen-containing stream) 

which has been introduced; 

a first oxygen condenser (9) arranged inside or above the 10 

first oxygen rectification column top (73), wherein a 

first oxygen rectification gas drawn from an upper 

portion of the first oxygen rectification column 

rectification portion (72) is cooled and liquefied by 

first liquid nitrogen condensed in the first oxygen 15 

evaporator (8), and is returned to the first oxygen 

rectification column rectification portion (72); 

a second oxygen rectification column (10) having a second 

oxygen rectification column bottom (101), a second oxygen 

rectification column rectification portion (102) 20 

arranged above the second oxygen rectification column 

bottom (101), and a second oxygen rectification column 

top (103) arranged above the second oxygen rectification 

column rectification portion (102); 

a second oxygen evaporator (11) arranged inside or below 25 

the second oxygen rectification column bottom (101), the 

second oxygen evaporator (11) causing evaporation of a 

rectification liquid falling from the second oxygen 

rectification column rectification portion (102); 

a second oxygen condenser (12) arranged inside or above 30 

the second oxygen rectification column top (103), wherein 

the second oxygen condenser (12) cools and liquefies a 

second oxygen rectification gas drawn from an upper 

portion of the second oxygen rectification column 

rectification portion (102) by means of second liquid 35 

nitrogen sent to the second oxygen condenser (12), and 

returns the cooled and liquefied gas to the second oxygen 

rectification column rectification portion (102); 
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a nitrogen heat exchanger (13) to which is introduced a 

nitrogen-rich gas drawn from a space (1031) above the 

second oxygen condenser (12) in the second oxygen 

rectification column top (103); 

a nitrogen compressor (14) for compressing the nitrogen-5 

rich gas drawn from the nitrogen heat exchanger (13); 

a line (L12) for recirculating a compressed nitrogen-

rich gas compressed in the nitrogen compressor (14) to 

the nitrogen heat exchanger (13), and introducing the 

nitrogen-rich gas to a space (711) below the first oxygen 10 

evaporator (8) in the first oxygen rectification column 

bottom (71); and 

a branch line (L121) which branches from the line (L12) 

and introduces the nitrogen-rich gas to a space (1011) 

below the second oxygen evaporator (11) in the second 15 

oxygen rectification column bottom (101). 

 

At least a portion of a condensed stream (comprising 

condensed liquid nitrogen (enriched state) or nitrogen 

(enriched state) gas, or a mixed state thereof) condensed 20 

in the nitrogen condenser (3) may be introduced into the 

space (1011). 

 

High-purity oxygen (UPO) may be drawn from the second 

oxygen rectification column bottom (101) or the second 25 

oxygen evaporator (11) via a line L13. 

 

[0011] 

Furthermore, the high-purity oxygen production apparatus 

(A2) may comprise: 30 

a high-purity oxygen tank (15) for storing high-purity 

oxygen (UPO) extracted in a liquid; 

a pressurizer (or a pumpless evaporator) (16) for 

evaporating a portion of high-purity liquid oxygen and 

pressurizing the high-purity liquid oxygen; and 35 

a liquid nitrogen buffer (17) for storing liquid 

nitrogen. 
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The liquid nitrogen buffer (17) corresponds to the space 

(1011) in the second oxygen rectification column bottom 

(101), but may be arranged on a line L62. 

 

Fluid exchange with the high-purity oxygen production 5 

apparatus side is preferably controlled by a valve so 

that pressurization operations afforded by the 

pressurizer are carried out batchwise. 

 

Liquid nitrogen for supplying the cold heat required to 10 

liquefy and recover the high-purity oxygen gas generated 

when the high-purity oxygen tank (15) is depressurized 

is stored in the liquid nitrogen buffer (17). 

 

By virtue of this configuration, it is possible to draw 15 

liquid nitrogen from the medium-pressure column (2) with 

a weighted average flow rate of the liquid nitrogen 

required for the high-purity oxygen production process 

and the liquid nitrogen required for re-liquefying the 

high-purity oxygen released when the high-purity oxygen 20 

tank is depressurized, and fluctuations in demand for 

liquid nitrogen can be met by the liquid nitrogen buffer 

(17), which makes it possible to recover high-purity 

oxygen during depressurization while eliminating adverse 

effects on rectification in the air separation apparatus 25 

(A1). 

 

[0012] 

Furthermore, the high-purity oxygen production apparatus 

(A2) may comprise: 30 

a line (L62) for supplying liquid nitrogen from the 

medium-pressure column (2) of the air separation 

apparatus (A1) to the liquid nitrogen buffer (17); 

a liquid nitrogen flowmeter (300) which is provided on 

the line (L62) and measures a flow rate of liquid 35 

nitrogen; and 
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a control valve (301) for controlling an amount measured 

by the liquid nitrogen flowmeter (300) to a predetermined 

amount or a predetermined range. 

 

When there is a fluctuation in demand for liquid nitrogen 5 

in the high-purity oxygen production apparatus (A2), the 

control valve (301) is controlled in such a way as to 

supply a constant liquid nitrogen stream. 

 

Furthermore, the high-purity oxygen production apparatus 10 

(A2) may comprise: 

a flowmeter or a height level gauge (liquid surface gauge 

LS1) for measuring an amount in the liquid nitrogen 

buffer (17) stored in the space (1011) in the second 

oxygen rectification column bottom (101), and 15 

may be provided with a first control valve (301) for 

controlling an amount measured by the flowmeter or the 

height level gauge (liquid surface gauge LS1) to a 

predetermined amount or a predetermined range. 

 20 

When there is a fluctuation in demand for liquid nitrogen 

in the high-purity oxygen production apparatus (A2), the 

first control valve (301) is controlled in such a way as 

to supply a constant liquid nitrogen stream. 

 25 

The first control valve (301) may be controlled by 

utilizing either one or both of a result measured by the 

flowmeter or the height level gauge (LS1) and a result 

measured by the liquid nitrogen flowmeter (300), in such 

a way that constant liquid nitrogen can be supplied when 30 

there is a fluctuation in demand for liquid nitrogen in 

the high-purity oxygen production apparatus (A2). 

 

By virtue of this configuration, it is possible to stably 

supply liquid nitrogen to the high-purity oxygen 35 

production apparatus even if there is a load fluctuation 

in either the air separation apparatus (A1) or the high-

purity oxygen production apparatus (A2). 
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[0013] 

Furthermore, the high-purity oxygen production apparatus 

(A2) may comprise: 

a flowmeter or a height level gauge (liquid surface gauge 5 

LS2) for measuring an amount of liquid nitrogen in the 

second oxygen condenser (12); and 

a second control valve (304) which is provided in the 

line L11 and controls an amount measured by the flowmeter 

or the height level gauge (liquid surface gauge LS2) to 10 

a predetermined amount or a predetermined range. 

 

When there is a fluctuation in demand for liquid nitrogen 

in the second oxygen condenser (12), the second control 

valve (304) is controlled in such a way as to satisfy 15 

insufficiency in the liquid nitrogen demand. 

 

[0014] 

Furthermore, in the high-purity oxygen production system, 

a high-purity oxygen liquid pressurized in the high-20 

purity oxygen tank (15) may be introduced (via a line 

L142) to the main heat exchanger (1) in the air separation 

apparatus (A1) and evaporated, and extracted as high-

purity oxygen gas. 

 25 

A buffer (401) for temporarily storing the pressurized 

high-purity oxygen liquid may be provided in the line 

L142. 

 

By virtue of this configuration, it is possible to 30 

recover the cold released when the high-purity oxygen 

liquid is evaporated, leading to improved thermal 

efficiency. Here, the reason for which the high-purity 

oxygen liquid is particularly evaporated in the main heat 

exchanger (1) of the air separation apparatus (A1), 35 

rather than in the heat exchanger of the high-purity 

oxygen production apparatus (A2) is that the high-purity 

oxygen liquid can be evaporated by means of sensible heat 
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of process air serving as a heat source. If the high-

purity oxygen liquid were evaporated in the heat 

exchanger of the high-purity oxygen production apparatus 

(A2), then nitrogen cycle gas in the high-purity oxygen 

production apparatus (A2) would serve as a heat source, 5 

but not only sensible heat but also latent heat would be 

required, and at least a portion of the nitrogen cycle 

gas would be liquefied. The liquefied nitrogen cycle gas 

does not contribute to the high-purity oxygen 

rectification process as a reboiling source, and 10 

therefore constitutes a process loss. 

 

[0015] 

Furthermore, in the high-purity oxygen production system, 

a nitrogen expansion line (L50) may be provided in the 15 

nitrogen cycle of the high-purity oxygen production 

apparatus (A2) in such a way as to supply cold heat to 

the high-purity oxygen production apparatus (A2). 

 

The nitrogen expansion line (L50) may constitute a 20 

circulation pathway which branches and leads out from the 

middle of the nitrogen heat exchanger (13) in the line 

L12 that is introduced into the nitrogen heat exchanger 

(13) after the nitrogen compressor (14), merging with the 

line L12 between the nitrogen heat exchanger (13) and the 25 

space (1031) in the second oxygen rectification column 

top (103). 

 

A nitrogen expansion mechanism (18) such as a valve or a 

turbine may also be provided on the nitrogen expansion 30 

line (L50). 

 

By virtue of this configuration, it is possible to 

replenish cold by means of the nitrogen cycle when there 

is insufficient cold in the high-purity oxygen production 35 

apparatus. 

 

[Brief Description of the Drawings] 
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[0016] 

[Fig. 1] shows a high-purity oxygen production system 

according to Mode of Embodiment 1. 

[Fig. 2] shows a high-purity oxygen production system 

according to Mode of Embodiment 2. 5 

[Fig. 3] shows a high-purity oxygen production system 

according to Mode of Embodiment 3. 

[Fig. 4] shows a high-purity oxygen production system 

according to Mode of Embodiment 4. 

[Fig. 5] shows a high-purity oxygen production system 10 

according to Mode of Embodiment 5. 

 

[Mode for Implementing the Invention] 

[0017] 

Several modes of embodiment of the present invention will 15 

be described below. The modes of embodiment described 

below illustrate examples of the present invention. The 

present invention is in no way limited by the following 

modes of embodiment and also includes a number of variant 

modes implemented within a scope that does not alter the 20 

essential point of the present invention. It should be 

noted that not all of the constituent elements described 

below are necessarily essential to the present invention. 

 

[0018] 25 

(Mode of Embodiment 1) 

A high-purity oxygen production system according to Mode 

of Embodiment 1 will be described with the aid of fig. 

1. 

 30 

The high-purity oxygen production system according to the 

present invention comprises: a separation apparatus A1, 

and a high-purity oxygen production apparatus A2 

including two (high-purity) oxygen rectification 

columns. The air separation apparatus A1 comprises: a 35 

main heat exchanger 1, a medium-pressure column 2, a 

nitrogen condenser 3, a low-pressure column 4, a sub-

cooler 5, and an expansion turbine 6. The high-purity 
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oxygen production apparatus A2 comprises: a first oxygen 

rectification column 7, a first oxygen evaporator 8, a 

first oxygen condenser 9, a second oxygen rectification 

column 10, a second oxygen evaporator 11, a second oxygen 

condenser 12, a nitrogen heat exchanger 13, and a 5 

nitrogen compressor 14. 

 

[0019] 

The air separation apparatus A1 will be described first 

of all. 10 

 

Starting material air (Feed air) passes through the main 

heat exchanger 1 via a starting material air introduction 

line L1 and is supplied to a medium-pressure column 

bottom 21 of the medium-pressure column 2. 15 

 

The medium-pressure column 2 comprises: the medium-

pressure column bottom 21 in which a first rectification 

liquid (oxygen-rich liquid) is collected, a medium-

pressure column rectification portion 22 for rectifying 20 

the starting material air, and a medium-pressure column 

top 23 arranged above the medium-pressure column 

rectification portion 22. 

 

[0020] 25 

A low-pressure column 4 is arranged above the medium-

pressure column 2. 

 

The low-pressure column 4 comprises: a low-pressure 

column bottom 41 in which an oxygen-containing stream is 30 

collected, a low-pressure column rectification portion 

42 arranged thereabove, and a low-pressure column top 43 

arranged thereabove. 

 

The low-pressure column bottom 41 is internally provided 35 

with a nitrogen condenser 3 for condensing a gas drawn 

from the medium-pressure column top 23 and conducted by 

a circulation line L6. 
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The low-pressure column rectification portion 42 

rectifies the first rectification liquid (oxygen-rich 

liquid) drawn from the medium-pressure column bottom 21 

by introducing the first rectification liquid at a first 5 

intermediate stage after heat exchange in the sub-cooler 

5. 

 

The low-pressure column top 43 has introduced therein at 

least a portion of a condensed stream (comprising 10 

condensed liquid nitrogen (enriched state) or nitrogen 

(enriched state) gas, or a mixed state thereof) condensed 

in the nitrogen condenser 3 after said portion has 

undergone heat exchange in the sub-cooler 5 via a line 

L621. 15 

 

[0021] 

A line L2 is a line for introducing the first 

rectification liquid (oxygen-rich liquid) drawn from the 

medium-pressure column bottom 21 at an intermediate stage 20 

of the low-pressure column rectification portion 42 after 

heat exchange in the sub-cooler 5. 

 

A line L3 is a line for feeding to the main heat exchanger 

1 an oxygen-rich gas drawn from an upper region of the 25 

low-pressure column bottom 41. 

 

A line L5 is a line for feeding to the main heat exchanger 

1 a nitrogen-rich gas drawn from the low-pressure column 

top 43 after heat exchange in the sub-cooler 5. 30 

 

A line L4 is a line for introducing exhaust gas drawn 

from an intermediate stage (a second intermediate stage 

positioned above the first intermediate stage) of the 

low-pressure column rectification portion 42 into the 35 

main heat exchanger 1, and using said exhaust gas in an 

expansion turbine 6 after it has been drawn from an 

intermediate portion of the main heat exchanger 1, then 
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once again feeding the exhaust gas into the main heat 

exchanger 1. 

 

A circulation line L6 which leads out from the nitrogen 

condenser 3 branches into a first branch line L61 5 

returning to the medium-pressure column top 23, and a 

second branch line L62 which leads into the second oxygen 

rectification column 10 of the high-purity oxygen 

production apparatus A2. A third branch line L621 

branches from the second branch line L62 and introduces 10 

at least a portion of the condensed stream into the low-

pressure column top 43 after heat exchange in the sub-

cooler 5. 

 

[0022] 15 

The high-purity oxygen production apparatus A2 will be 

described next. 

 

The first oxygen rectification column 7 comprises: a 

first oxygen rectification column rectification portion 20 

72 to which a second rectification liquid drawn from the 

low-pressure column bottom 41 is introduced at an 

intermediate portion thereof or therebelow, a first 

oxygen rectification column bottom 71 arranged below the 

first oxygen rectification column rectification portion 25 

72, and a first oxygen rectification column top 73 

arranged above the first rectification column 

rectification portion 72. 

 

The second rectification liquid (oxygen-containing 30 

stream) drawn from the low-pressure column bottom 41 is 

introduced into the first oxygen rectification column 

bottom 71 above the first oxygen evaporator 8 via a line 

L7. 

 35 

A first oxygen rectification liquid (oxygen-rich liquid) 

drawn from the first oxygen rectification column bottom 



16 
 

71 is introduced into the first oxygen rectification 

column top 73 via a line L8. 

 

The first oxygen evaporator 8 is arranged inside or below 

the first oxygen rectification column bottom 71. The 5 

first oxygen evaporator 8 causes evaporation of a 

rectification liquid falling from the first oxygen 

rectification column rectification portion 72 and the 

second rectification liquid (oxygen-containing stream) 

which has been introduced. 10 

 

The first oxygen condenser 9 is arranged inside or above 

the first oxygen rectification column top 73. The first 

oxygen condenser 9 cools and liquefies a first oxygen 

rectification gas drawn from an upper portion of the 15 

first oxygen rectification column rectification portion 

72 by means of first liquid nitrogen drawn from the first 

oxygen evaporator 8 via the line L8, and returns the 

cooled and liquefied gas to the first oxygen 

rectification column rectification portion 72. 20 

 

[0023] 

The second oxygen rectification column 10 comprises: a 

second oxygen rectification column bottom 101, a second 

oxygen rectification column rectification portion 102 25 

arranged thereabove, and a second oxygen rectification 

column top 103 arranged thereabove. 

 

At least a portion of a condensed stream (comprising 

condensed liquid nitrogen (enriched state) or nitrogen 30 

(enriched state) gas, or a mixed state thereof) condensed 

in the nitrogen condenser 3 is introduced into the second 

oxygen rectification column bottom 101 in a space (1011) 

below the second oxygen evaporator 11 via the second 

branch line L62. 35 

 

The second oxygen rectification column rectification 

portion 102 has an intermediate stage to which the first 



17 
 

oxygen rectification gas drawn from the upper portion of 

the first oxygen rectification column rectification 

portion 72 is introduced via a line L73. 

 

The second oxygen evaporator 11 is arranged inside or 5 

below the second oxygen rectification column bottom 101. 

The second oxygen evaporator 11 causes evaporation of a 

rectification liquid falling from the second oxygen 

rectification column rectification portion 102. 

 10 

The second oxygen condenser 12 is arranged inside or 

above the second oxygen rectification column top 103. The 

second oxygen condenser 12 cools and liquefies a second 

oxygen rectification gas drawn from an upper portion of 

the second oxygen rectification column rectification 15 

portion 102 by means of second liquid nitrogen drawn from 

the second oxygen rectification column bottom 101 via a 

line L11, and returns the cooled and liquefied gas to the 

second oxygen rectification column rectification portion 

102. 20 

 

[0024] 

The nitrogen heat exchanger 13 has introduced therein, 

via a line L12, a nitrogen-rich gas drawn from a space 

1031 above the second oxygen condenser 12 in the second 25 

oxygen rectification column top 103, and heat exchange 

is performed therein. 

 

The nitrogen compressor 14 compresses the nitrogen-rich 

gas drawn from the nitrogen heat exchanger 13. 30 

 

Additionally, the line L12 is a line by which a compressed 

nitrogen-rich gas compressed in the nitrogen compressor 

14 is once again made to pass through the nitrogen heat 

exchanger (13), and introduced into a space 711 below the 35 

first oxygen evaporator 8 in the first oxygen 

rectification column bottom 71. 
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A branch line L121 is a line which branches from the line 

L12 and introduces the nitrogen-rich gas to a space 1011 

below the second oxygen evaporator 11 in the second 

oxygen rectification column bottom 101. 

 5 

The line L7 is a line by which the second rectification 

liquid (oxygen-containing stream) is drawn from the low-

pressure column bottom 41. A valve V1 such as a gate 

valve, a flow rate regulating valve, or a pressure 

regulating valve is provided in the line L7. 10 

 

The line L8 is a line for feeding the first liquid 

nitrogen (first liquid nitrogen buffer) drawn from the 

space 711 in the first oxygen rectification column bottom 

71 for use as cold heat in the first oxygen condenser 9. 15 

 

The line L73 is a line for introducing the first oxygen 

rectification gas drawn from the upper portion of the 

first oxygen rectification column rectification portion 

72 at an intermediate stage of the second oxygen 20 

rectification column rectification portion 102. 

 

A line L9 is a line for introducing a gas drawn from a 

space 731 above the first oxygen condenser 9 in the first 

oxygen rectification column top 73 into the space 1011 25 

below the second oxygen evaporator 11 in the second 

oxygen rectification column bottom 101. 

 

The line L11 is a line for feeding the second liquid 

nitrogen (second liquid nitrogen buffer 17) drawn from 30 

the space 1011 in the second oxygen rectification column 

bottom 101 for use as cold heat in the second oxygen 

condenser 12. 

 

A line L13 is a line for extracting high-purity oxygen 35 

(UPO) from the second oxygen rectification column bottom 

(101) or the second oxygen evaporator (11). 
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Valves (gate valves, flow rate regulating valves, 

pressure regulating valves, etc.) may be provided in the 

abovementioned lines. 

 

[0025] 5 

(Mode of Embodiment 2) 

A high-purity oxygen production system according to Mode 

of Embodiment 2 will be described with the aid of fig. 

2. Constituent elements which are different from those 

of fig. 1 according to Mode of Embodiment 1 will be 10 

described, and the description of constituent elements 

which are the same will be omitted or simplified. 

 

The high-purity oxygen production apparatus A2 comprises: 

a high-purity oxygen tank 15 for storing high-purity 15 

oxygen (UPO) extracted in a liquid; a pressurizer 16 for 

evaporating a portion of high-purity liquid oxygen and 

pressurizing the high-purity liquid oxygen; and a liquid 

nitrogen buffer 17 for storing liquid nitrogen. The 

liquid nitrogen buffer 17 corresponds to the space 1011 20 

below the second oxygen rectification column bottom 101. 

 

[0026] 

The high-purity oxygen tank 15 has introduced therein the 

high-purity oxygen (UPO) drawn from the second oxygen 25 

rectification column bottom 101 or the second oxygen 

evaporator 11 via the line L13. 

 

The pressurizer (or pumpless evaporator) 16 draws the 

high-purity oxygen (UPO) from a lower portion or bottom 30 

portion of the high-purity oxygen tank 15 via a line 

L141, evaporates at least a portion of the high-purity 

liquid oxygen, and pressurizes the high-purity liquid 

oxygen. 

 35 

The line L13 is connected to an upper portion of the 

high-purity oxygen tank 15 and is provided with a valve 
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V2 (a gate valve, flow rate regulating valve, or pressure 

regulating valve, etc.). 

 

The line L141 branches from a line L14 which is connected 

to the lower portion or bottom portion of the high-purity 5 

oxygen tank 15, and is provided with a valve V5 (a gate 

valve, flow rate regulating valve, or pressure regulating 

valve, etc.). The line L141 is a line for introducing at 

least a portion of the high-purity liquid oxygen to the 

pressurizer (16) and the high-purity oxygen tank (15). 10 

 

A line L142 is a line which branches from the line L14 

and serves to extract high-purity liquid oxygen. 

 

A line L1411 is a line which branches from the line L141 15 

and serves to introduce the pressurized high-purity 

liquid oxygen to an intermediate portion of the second 

oxygen rectification column rectification portion 102. 

 

The line L1411 and the line L142 are provided with valves 20 

(V3, V4) (gate valves, flow rate regulating valves, 

pressure regulating valves, etc.). 

 

[0027] 

Valve operations are controlled in the following manner 25 

in this system. 

 

(1) When high-purity oxygen (UPO) is introduced to the 

high-purity oxygen tank 15 via the line L13, the valves 

V4, V5 are closed and the valves V2, V3 are opened. 30 

 

(2) When the high-purity liquid oxygen pressurized in the 

pressurizer 16 is returned to the high-purity oxygen tank 

15 via the line L141, the valves V2, V3, V4 are closed 

and the valve V5 is opened. 35 

 

(3) When the high-purity liquid oxygen pressurized in the 

pressurizer 16 is introduced into the intermediate 
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portion of the second oxygen rectification column 

rectification portion 102 via the line L1411, the valves 

V2, V4, V5 are closed and the valve V3 is opened. 

According to this configuration, the tank cannot be 

filled by a pressure difference, the product is not 5 

discharged, and pressurization does not occur. 

 

(4) When the high-purity liquid oxygen is extracted via 

the line L142, the valves V2, V3 are closed and the valves 

V4, V5 are opened. It is necessary to continue 10 

pressurization via the valve V5 because discharge of the 

product causes decompression in proportion to the amount 

by which the contents of the tank decrease. 

 

[0028] 15 

(Mode of Embodiment 3) 

A high-purity oxygen production system according to Mode 

of Embodiment 3 will be described with the aid of fig. 

3. Constituent elements which are different from those 

of Modes of Embodiment 1 and 2 (fig. 1 and 2) will be 20 

described, and the description of constituent elements 

which are the same will be omitted or simplified. 

 

The high-purity oxygen production apparatus A2 comprises: 

a line L62 for supplying liquid nitrogen from the medium-25 

pressure column 2 of the air separation apparatus A1 to 

the liquid nitrogen buffer 17; a liquid nitrogen 

flowmeter 300 which is provided on the line L62 and 

measures a flow rate of liquid nitrogen; and a control 

valve 301 for controlling an amount measured by the 30 

liquid nitrogen flowmeter 300 to a predetermined amount 

or a predetermined range. 

 

Furthermore, the high-purity oxygen production apparatus 

A2 comprises a flowmeter or a height level gauge LS1 for 35 

measuring an amount of liquid nitrogen in the liquid 

nitrogen buffer 17 stored in the space 1011 in the second 

oxygen rectification column bottom 101. 
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A first control valve 301 is controlled by utilizing 

either one or both of a result measured by the flowmeter 

or the height level gauge LS1 and a result measured by 

the liquid nitrogen flowmeter 300, in such a way that 5 

constant liquid nitrogen can be supplied when there is a 

fluctuation in demand for liquid nitrogen in the high-

purity oxygen production apparatus A2. 

 

By virtue of this configuration, it is possible to stably 10 

supply liquid nitrogen to the high-purity oxygen 

production apparatus even if there is a load fluctuation 

in either the air separation apparatus A1 or the high-

purity oxygen production apparatus A2. 

 15 

[0029] 

Furthermore, the high-purity oxygen production apparatus 

A2 comprises: a flowmeter or a height level gauge LS2 for 

measuring an amount of liquid nitrogen in the second 

oxygen condenser 12; and a second control valve 304 which 20 

is provided in the line L11 and controls an amount 

measured by the flowmeter or the height level gauge LS2 

to a predetermined amount or a predetermined range. As a 

result, when there is a fluctuation in demand for liquid 

nitrogen in the second oxygen condenser 12, the second 25 

control valve 304 is controlled in such a way as to 

satisfy insufficiency in the liquid nitrogen demand. 

 

[0030] 

(Mode of Embodiment 4) 30 

A high-purity oxygen production system according to Mode 

of Embodiment 4 will be described with the aid of fig. 

4. Constituent elements which are different from those 

of Modes of Embodiment 1, 2 and 3 (fig. 1, 2 and 3) will 

be described, and the description of constituent elements 35 

which are the same will be omitted or simplified. 
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In the high-purity oxygen production system, a high-

purity oxygen liquid pressurized in the high-purity 

oxygen tank 15 is introduced via the line L142 to the 

main heat exchanger 1 in the air separation apparatus A1 

and evaporated, and extracted as high-purity oxygen gas. 5 

 

A buffer 401 for temporarily storing the pressurized 

high-purity oxygen liquid may be provided in the line 

L142. 

 10 

[0031] 

(Mode of Embodiment 5) 

A high-purity oxygen production system according to Mode 

of Embodiment 5 will be described with the aid of fig. 

5. Constituent elements which are different from those 15 

of Modes of Embodiment 1, 2 and 3 (fig. 1, 2 and 3) will 

be described, and the description of constituent elements 

which are the same will be omitted or simplified. 

 

In the high-purity oxygen production system, a nitrogen 20 

expansion line L50 is provided in a nitrogen cycle of the 

high-purity oxygen production apparatus A2 in such a way 

as to supply cold heat to the high-purity oxygen 

production apparatus A2. The nitrogen expansion line L50 

constitutes a circulation pathway which branches and 25 

leads out from the middle of the nitrogen heat exchanger 

13 in the line L12 that is introduced into the nitrogen 

heat exchanger 13 after the nitrogen compressor 14, 

merging with the line L12 between the nitrogen heat 

exchanger 13 and the space 1031 in the second oxygen 30 

rectification column top 103. A nitrogen expansion 

mechanism 18 such as a valve or a turbine is further 

provided on the nitrogen expansion line L50. 

 

[0032] 35 

(Exemplary Embodiments) 

The system according to abovementioned Mode of Embodiment 

1 (fig. 1) will be described more specifically. 
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Starting material air is supplied to a warm end of a main 

heat exchanger 1 of an air separation apparatus A1 at a 

pressure of 9.4 barA, a temperature of 20°C, and a flow 

rate of 1000 Nm3/h, and after being cooled, the starting 5 

material air is supplied to the bottom of a medium-

pressure column 2. The medium pressure column 2 is 

operated at 9.3 barA, and liquid nitrogen is recovered 

at 418 Nm3/h from a column top 23 thereof. An oxygen-rich 

liquid is recovered at 582 Nm3/h from a column bottom 21 10 

thereof. A nitrogen condenser 3 is provided in an upper 

region of the medium pressure column 2, nitrogen gas in 

the medium-pressure column top 23 is condensed using 

liquid nitrogen supplied from a bottom 41 of a low-

pressure column 4 as a refrigerant, and liquid nitrogen 15 

is returned to the medium-pressure column top 23. 

 

1.0 Nm3/h of the liquid nitrogen is supplied to a high-

purity oxygen production apparatus A2, and the remaining 

liquid nitrogen is supplied to a low-pressure column top 20 

43 as a reflux liquid. An oxygen loading liquid is 

supplied to a low-pressure column intermediate portion 

42. The low-pressure column 4 is operated at 2.8 barA, 

and 7.8 Nm3/h of liquid nitrogen is recovered from the 

low-pressure column bottom 41 and supplied to the high-25 

purity oxygen production apparatus A2. 

 

A first oxygen rectification column 7 is intended for 

removing high-boiling-point components from the oxygen, 

liquid oxygen is supplied to an intermediate portion or 30 

a bottom 71 of the first rectification column 7, and 

liquid oxygen from which the high-boiling-point 

components have been removed is recovered at 7.5 Nm3/h 

from a column top 73. Liquid oxygen in which the high-

boiling-point components are concentrated is discharged 35 

at 0.3 Nm3/h from the bottom 71. The first oxygen 

rectification column 7 is operated at 2.1 barA. A vapour 

stream required for rectifying the liquid oxygen inside 
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the first oxygen rectification column is supplied by 

means of a first oxygen evaporator 8 provided in a lower 

region of the first oxygen rectification column 7, and 

nitrogen gas at a pressure of 7.8 barA and a temperature 

of -173°C which has been compressed by means of a nitrogen 5 

compressor 14 and cooled in a nitrogen heat exchanger 13 

is supplied at 32 Nm3/h as a heating medium and liquefied. 

 

A reflux liquid required for rectifying the liquid oxygen 

inside the first oxygen rectification column is supplied 10 

by means of a first oxygen condenser 9 provided in an 

upper region of the first oxygen rectification column, 

and 18.4 Nm3/h of the liquid nitrogen drawn from the first 

oxygen evaporator 8 is supplied as a refrigerant therein 

and evaporated. 13.6 Nm3/h of liquid nitrogen drawn from 15 

the first oxygen evaporator 8 is supplied to the first 

oxygen condenser 9 as a refrigerant. 

 

A second oxygen rectification column 10 is intended for 

removing low-boiling-point components from the oxygen, 20 

liquid oxygen is supplied to an intermediate portion 

(102) of the second oxygen rectification column 10, 

oxygen gas comprising the low-boiling-point components 

is discharged at 0.3 Nm3/h from a column top 103, and 

high-purity liquid oxygen from which the high-boiling-25 

point components have been removed is recovered at 7.2 

Nm3/h from a bottom 101. The second oxygen rectification 

column 10 is operated at 1.3 barA. A vapour stream 

required for rectifying the liquid oxygen inside the 

first oxygen rectification column is supplied by means 30 

of a second oxygen evaporator 11 provided in a lower 

region of the second oxygen rectification column 10, and 

a mixed stream of nitrogen gas compressed by means of the 

nitrogen compressor 14 and cooled in the nitrogen heat 

exchanger 13, and nitrogen gas evaporated in the first 35 

oxygen condenser 9 is supplied at a pressure of 5.3 barA, 

a temperature of -177°C, and a flow rate of 59 Nm3/h as 

a heating medium and liquefied. 
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A reflux liquid required for rectifying the liquid oxygen 

inside the second oxygen rectification column is supplied 

by means of a second oxygen condenser 12 provided in an 

upper region of the second oxygen rectification column, 5 

and liquid nitrogen is supplied as a refrigerant at 13.6 

Nm3/h from the first oxygen evaporator 8, at 59 Nm3/h from 

the second oxygen evaporator 11, and at 1.0 Nm3/h from 

the medium-pressure column 2 of the air separation 

apparatus A1. 10 

 

Nitrogen gas evaporated in the second oxygen condenser 

12 is compressed in the nitrogen compressor 14 after cold 

has been released therefrom in the nitrogen heat 

exchanger 13. 15 

 

[0033] 

The system according to abovementioned Mode of Embodiment 

2 (fig. 2) will be described more specifically. 

 20 

A high-purity oxygen liquid produced is supplied at a 

pressure of 1.3 barA to a high-purity oxygen tank 15. 

Here, in order to supply the high-purity oxygen at 12.5 

barA, for example, the high-purity oxygen tank 15 is 

filled with a liquid, after which the tank 15 and the 25 

high-purity oxygen production apparatus A2 are isolated 

by an isolation valve, and a portion of the high-purity 

oxygen liquid is evaporated by means of a pressurizer 16 

to which a liquid phase portion and a gas phase portion 

of the tank 15 are connected, whereby the tank 15 is 30 

pressurized to 12.5 barA. The high-purity oxygen liquid 

is supplied from the pressurized tank 15, after which the 

tank 15 is decompressed in such a way that the pressure 

therein becomes lower than the pressure in the second 

oxygen rectification column 10, in order to refill the 35 

tank 15. It should be noted that the decompression may 

be performed by a method in which gas inside the tank is 

released to the second oxygen rectification column 10 or 
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by means of a condenser installed inside the tank 15 or 

connected externally, but in this case the method in 

which gas is released to the second oxygen rectification 

column 10 is used. 

 5 

When a high-purity oxygen liquid at 7.2 Nm3/h is obtained, 

as in the example in the first Mode of Embodiment 1, and 

the liquid is pressurized at one time for 720 minutes and 

fed out, the following cycle can be envisaged as one 

example: filling of the tank 15 for 520 minutes, 10 

pressurization for 20 minutes, feeding out of the liquid 

for 60 minutes, and then decompression of the tank for 

120 minutes. 

 

In this cycle, high-purity oxygen gas at 2.2 Nm3/h is 15 

released during the decompression, and liquid nitrogen 

at 2.9 Nm3/h is required in order to liquefy the gas. 

When the liquid nitrogen at 1.0 Nm3/h which is always 

required for operation of the high-purity oxygen 

production apparatus A2 is added, the liquid nitrogen 20 

demand reaches a total of 3.9 Nm3/h, so if liquid nitrogen 

is directly supplied from the medium-pressure column 2, 

the amount of liquid nitrogen supplied to the low-

pressure column top 43 temporarily decreases by 2.9 

Nm3/h, which adversely affects rectification in the low-25 

pressure column 4. 

 

Accordingly, in the present invention, liquid nitrogen 

in a weighted average amount of the liquid nitrogen 

demand in the abovementioned cycle is drawn from the 30 

medium-pressure column 2, and the liquid nitrogen buffer 

17 is used for buffering the liquid supply amount. In 

this example, the amount of liquid nitrogen drawn from 

the medium-pressure column 2 is: (1.0 Nm3/h × 720 minutes 

+ 2.9 Nm3/h × 120 minutes) ÷ 720 minutes = 1.5 Nm3/h. 35 

 

In Mode of Embodiment 2, the liquid nitrogen buffer 17 

is arranged in a lower portion of the second oxygen 
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evaporator 11, but this is not limiting, and it may 

equally be a buffering vessel positioned intermediately 

(e.g., in the line L62) between the air separation 

apparatus A1 and the high-purity oxygen production 

apparatus A2. 5 

 

[0034] 

The present invention describes a method for producing 

liquid oxygen obtained from an air separation apparatus 

with stable process control and without the use of a 10 

costly nitrogen liquefaction apparatus. 

 

The abovementioned liquefaction apparatus constitutes 

around 20% of the equipment cost in the cost of the air 

separation apparatus, so the present invention enables a 15 

very large cost saving. Furthermore, in terms of energy 

efficiency also, the method for supplying nitrogen 

obtained from the medium-pressure column in accordance 

with the present invention is highly efficient to the 

extent that there is no pressure loss when nitrogen is 20 

decompressed from medium pressure to low pressure inside 

the air separation apparatus, in comparison with the 

methods such as described in the prior art documents 

where low-pressure nitrogen obtained from the air 

separation apparatus is compressed and liquefied, so it 25 

is possible to achieve an energy reduction of 0.05 kWh 

per 1 Nm3 relating to nitrogen compression. Separating 

nitrogen from the atmosphere in an air separation 

apparatus and liquefying the nitrogen in a liquefier 

requires around 1 kW per 1 Nm3, so the energy efficiency 30 

is improved by approximately 5%. 

 

[0035] 

(Superiority Evaluation) 

The superiority of Exemplary Embodiments 1-5 35 

corresponding to Modes of Embodiment 1-5 will be 

described by comparison with Comparative Example 1. 
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Comparative Example 1: Patent Document 2 (JP 6427359 B2) 

Exemplary Embodiment 1: Mode of Embodiment 1 (fig. 1) 

Exemplary Embodiment 2: Mode of Embodiment 2 (fig. 2) 

Exemplary Embodiment 3: Mode of Embodiment 3 (fig. 3) 

Exemplary Embodiment 4: Mode of Embodiment 4 (fig. 4) 5 

Exemplary Embodiment 5: Mode of Embodiment 5 (fig. 5) 

 

[0036] 

Exemplary Embodiment 1 and Comparative Example 1 will be 

compared. In Comparative Example 1, liquid nitrogen 10 

supplied to a high-purity production apparatus is 

produced by a liquefaction apparatus, whereas in 

Exemplary Embodiment 1, a medium-pressure column of an 

air separation apparatus serves as a supply source, 

thereby achieving a simple equipment configuration while 15 

suppressing pressure loss in a nitrogen circuit. 

 

[0037] 

In Exemplary Embodiment 2, as compared to Exemplary 

Embodiment 1, a high-purity tank and a pressurizer, and 20 

then a liquid nitrogen buffer for buffering liquid 

nitrogen supply are added. 

 

Liquid nitrogen is stored in the liquid nitrogen buffer 

while constant liquid nitrogen is drawn from the medium-25 

pressure column, and liquid nitrogen is supplied to the 

second oxygen condenser from the buffer in such a way as 

to provide for excessive cold required during tank 

decompression. This is because high-purity oxygen gas 

released during decompression is supplied to the second 30 

rectification column and is substantially re-liquefied 

in the second oxygen condenser. 

 

[0038] 

In Exemplary Embodiment 3, as compared to Exemplary 35 

Embodiment 2, a control valve adapted for flow rate and 

a flowmeter are provided on a line for supplying liquid 

nitrogen from the air separation apparatus to the high-
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purity oxygen production apparatus. Additionally, a 

refrigerant-side liquid surface gauge for the second 

oxygen condenser, and a control valve for controlling a 

liquid nitrogen supply amount while monitoring the liquid 

level are provided. By this means, the valve can be 5 

controlled in such a way as to raise the liquid level of 

the refrigerant-side liquid surface in such a way as to 

respond to an increased thermal load in the second oxygen 

condenser when oxygen released during tank decompression 

is re-liquefied. A signal from the liquid surface gauge 10 

provided in the liquid nitrogen buffer 17 is input to the 

control valve, whereby it is possible to perform selector 

control such as to throttle the control valve when the 

liquid level in the buffer has risen. 

 15 

[0039] 

In Exemplary Embodiment 4, as compared to Exemplary 

Embodiment 3, cold heat of the high-purity oxygen liquid 

can be recovered in the main heat exchanger of the air 

separation apparatus. 20 

 

[0040] 

In Exemplary Embodiment 5, as compared to Exemplary 

Embodiment 4, in the nitrogen cycle in the high-purity 

oxygen production apparatus, a line is drawn from a cold 25 

end side of the nitrogen heat exchanger on a nitrogen 

compressor discharge line, to the nitrogen heat exchanger 

cold end side on an intake line of the nitrogen 

compressor, and an expansion device (valve or turbine) 

is provided on that line. This constitutes an example of 30 

a configuration for supplying cold to the high-purity 

oxygen production apparatus. Cold can be replenished when 

liquid nitrogen supplied from the medium-pressure column 

is insufficient, for example. 

 35 

[0041] 

(Different Mode of Embodiment) 
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Pressure regulating devices, and flow rate control 

devices, etc. may also be provided in each of the lines 

in order to regulate pressure or adjust the flow rate, 

although this is not explicitly described. 

 5 

[Key to Symbols] 

[0042] 

1… Main heat exchanger 

2… Medium-pressure column 

3… Nitrogen condenser 10 

4… Low-pressure column 

5… Sub-cooler 

6… Expansion turbine 

7… First oxygen rectification column 

8… First oxygen evaporator 15 

9… First oxygen condenser 

10… Second oxygen rectification column 

11… Second oxygen evaporator 

12… Second oxygen condenser 

13… Nitrogen heat exchanger 20 

14… Nitrogen compressor 
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[Document Name] Patent Claims 

[Claim 1] 

High-purity oxygen production system comprising: an air 

separation apparatus including a main heat exchanger, a 

medium-pressure column and a low-pressure column; and a 5 

high-purity oxygen production apparatus including a 

nitrogen compressor, a nitrogen heat exchanger and at 

least one (high-purity) oxygen rectification column, 

wherein an oxygen-containing stream serving as a starting 

material for high-purity oxygen is supplied from the low-10 

pressure column to the high-purity oxygen production 

apparatus, and liquid nitrogen obtained from the medium-

pressure column is supplied to the high-purity oxygen 

production apparatus in order to replenish cold heat 

required for operation of the high-purity oxygen 15 

production apparatus. 

 

[Claim 2] 

High-purity oxygen production system according to Claim 

1, wherein the air separation apparatus (A1) comprises: 20 

a main heat exchanger (1) for subjecting starting 

material air to heat exchange; 

a medium-pressure column (2) to which the starting 

material air that has passed through the main heat 

exchanger (1) is introduced, the medium-pressure column 25 

(2) having a medium-pressure column bottom (21) in which 

a first rectification liquid is collected, a medium-

pressure column rectification portion (22) for rectifying 

the starting material air, and a medium-pressure column 

top (23) arranged above the medium-pressure column 30 

rectification portion (22); and 

a low-pressure column (4) arranged above the medium-

pressure column (2), the low-pressure column (4) having 

a low-pressure column bottom (41) inside or below which 

is arranged a nitrogen condenser (3) for condensing a gas 35 

drawn from the medium-pressure column top (23) and 

conducted by a circulation line (L6) and in which a second 

rectification liquid (oxygen-containing stream) is 

collected, a low-pressure column rectification portion 
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(42) for rectifying the first rectification liquid 

(oxygen-rich liquid) drawn from the medium-pressure 

column bottom (21), and a low-pressure column top (43) 

to which is introduced at least a portion of a condensed 

stream condensed in the nitrogen condenser (3). 5 

 

[Claim 3] 

High-purity oxygen production system according to Claim 

1 or 2 wherein the high-purity oxygen production 

apparatus (A2) comprises: 10 

a first oxygen rectification column (7) having: a first 

oxygen rectification column rectification portion (72) 

to which the second rectification liquid drawn from the 

low-pressure column bottom (41) is introduced at an 

intermediate portion thereof or therebelow, a first 15 

oxygen rectification column bottom (71) arranged below 

the first oxygen rectification column rectification 

portion (72), and a first oxygen rectification column top 

(73) arranged above the first rectification column 

rectification portion (72); 20 

a first oxygen evaporator (8) arranged inside or below 

the first oxygen rectification column bottom (71), the 

first oxygen evaporator (8) causing evaporation of a 

rectification liquid falling from the first oxygen 

rectification column rectification portion (72) and the 25 

second rectification liquid (oxygen-containing stream) 

which has been introduced; 

a first oxygen condenser (9) arranged inside or above the 

first oxygen rectification column top (73), wherein a 

first oxygen rectification gas drawn from an upper 30 

portion of the first oxygen rectification column 

rectification portion (72) is cooled and liquefied by 

first liquid nitrogen condensed in the first oxygen 

evaporator (8), and is returned to the first oxygen 

rectification column rectification portion (72); 35 

a second oxygen rectification column (10) having a second 

oxygen rectification column bottom (101), a second oxygen 

rectification column rectification portion (102) 

arranged above the second oxygen rectification column 
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bottom (101), and a second oxygen rectification column 

top (103) arranged above the second oxygen rectification 

column rectification portion (102); 

a second oxygen evaporator (11) arranged inside or below 

the second oxygen rectification column bottom (101), the 5 

second oxygen evaporator (11) causing evaporation of a 

rectification liquid falling from the second oxygen 

rectification column rectification portion (102); 

a second oxygen condenser (12) arranged inside or above 

the second oxygen rectification column top (103), wherein 10 

the second oxygen condenser (12) cools and liquefies a 

second oxygen rectification gas drawn from an upper 

portion of the second oxygen rectification column 

rectification portion (102) by means of second liquid 

nitrogen sent to the second oxygen condenser (12), and 15 

returns the cooled and liquefied gas to the second oxygen 

rectification column rectification portion (102); 

a nitrogen heat exchanger (13) to which is introduced a 

nitrogen-rich gas drawn from a space (1031) above the 

second oxygen condenser (12) in the second oxygen 20 

rectification column top (103); 

a nitrogen compressor (14) for compressing the nitrogen-

rich gas drawn from the nitrogen heat exchanger (13); 

a line (L12) for recirculating a compressed nitrogen-

rich gas compressed in the nitrogen compressor (14) to 25 

the nitrogen heat exchanger (13), and introducing the 

nitrogen-rich gas to a space (711) below the first oxygen 

evaporator (8) in the first oxygen rectification column 

bottom (71); and 

a branch line (L121) which branches from the line (L12) 30 

and introduces the nitrogen-rich gas to a space (1011) 

below the second oxygen evaporator (11) in the second 

oxygen rectification column bottom (101). 

 

[Claim 4] 35 

High-purity oxygen production system according to any one 

of Claims 1 to 3, wherein the high-purity oxygen 

production apparatus (A2) comprises: 
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a high-purity oxygen tank (15) for storing high-purity 

oxygen extracted in a liquid; 

a pressurizer (16) for evaporating a portion of high-

purity liquid oxygen and pressurizing the high-purity 

liquid oxygen; and 5 

a liquid nitrogen buffer (17) for storing liquid 

nitrogen. 

 

[Claim 5] 

High-purity oxygen production system according to any one 10 

of Claims 1 to 4, wherein the high-purity oxygen 

production apparatus (A2) comprises: 

a line (L62) for supplying liquid nitrogen from the 

medium-pressure column (2) of the air separation 

apparatus (A1) to a liquid nitrogen buffer (17); 15 

a liquid nitrogen flowmeter (300) which is provided on 

the line (L62) and measures a flow rate of liquid 

nitrogen; and 

a control valve (301) for controlling an amount measured 

by the liquid nitrogen flowmeter (300) to a predetermined 20 

amount or a predetermined range. 

 

[Claim 6] 

High-purity oxygen production system according to any one 

of Claims 1 to 5, wherein a high-purity oxygen liquid 25 

pressurized in a high-purity oxygen tank (15) is 

introduced (via a line L142) to the main heat exchanger 

(1) in the air separation apparatus (A1) and evaporated, 

and extracted as high-purity oxygen gas. 

 30 

[Claim 7] 

High-purity oxygen production system according to any one 

of Claims 1 to 6, wherein a nitrogen expansion line (L50) 

is provided in a nitrogen cycle of the high-purity oxygen 

production apparatus (A2) in such a way as to supply cold 35 

heat to the high-purity oxygen production apparatus (A2). 




