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(57) Claim

1. A method of producing a product gas from a feed

gas mixture including the product gas using pressure 

swing adsorption, said method comprising repeatedly 

performing a cycle of operations which includes the 

steps of : -

a) contacting the feed gas mixture with a bed of

adsorbent material which adsorbs preferentially 

at least one other component of the feed gas

. mixture relative to the product gas and leaving 

at least some non-adsorbed product gas;

t>) desorbing the bed;

c) purging the bed with a purge gas which is the 

non-adsorbed product gas;

d) sensing when the gas leaving the bed during the 

purging step contains a preselected volume of 

said purge gas; and

e) on reaching the preselected volume stopping the 

purge step.
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55 Clarence Street 
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Invention Title: "GAS SEPARATION"

The following statement is a full description of this invention, 
including the best method of performing it known to us: -
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GAS SEPARATION

The present invention relates to methods of and apparatus for producing a 
product gas from a feed gas mixture including the product gas. In 
particular the present invention relates to a method of and apparatus for

5 producing oxygen from air using pressure swing adsorption (PSA) techniques.

• ft · ·

It is known to separate oxygen from air using an adsorbent which has the 
ability to effect a separation as between the two major components of air 
by virtue of its greater adsorption of nitrogen than of oxygen. Naturally 
occurring zeolites will selectively adsorb nitrogen and other constituents

10 of air in preference to oxygen. Synthesis of zeolites has greatly enhanced 
this selectivity enabling oxygen of purities from 93% or better to be 
produced by PSA techniques.

In operation, a bed of the adsorbent is put through a cycle which includes 
an adsorption step during which time air is pumped through the bed under

15 pressure and most of the nitrogen and a proportion of the oxygen and
substantially all of the carbon dioxide and water vapour in the feed air 
are adsorbed and an oxygen rich product gas is supplied from the outlet of 
the bed; and a desorption step during which time the outlet of the bed is 
closed, the bed is vented to atmospheric pressure usually through its inlet

20 and/or evacuated through its inlet so that the adsorbed gases are
substantially removed from the bed thereby preparing it for the next 
adsorption step.

In practice, it is usual for two adsorbent beds to be employed and operated 
on similar cycles which are sequenced to be out-of-phase with one another

25 by 180° so that while one bed is on its adsorption step, the other bed is 
on its desorption step and vice versa. In a simple process having only 
adsorption and desorption steps the efficiency of the oxygen production is 
low. Additional steps are usually incorporated to achieve better purities 
and a more efficient process and one of these additional steps can be a

30 purge step in which product quality gas from the bed undergoing adsorption 
is diverted to the top of the bed undergoing desorption said oxygen rich 
gas purging or displacing nitrogen in the desorbing bed.
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However, any PSA process that uses a purge step 

to lower the partial pressure within a bed during 

regeneration suffers an imbalance from many possible 

causes such as different quantities or qualities of 

adsorbents in each bed, different pressures or differing 

restrictions to each bed. The degree of difficulty in 

trying to balance the beds is time consuming and will 

only be correct at the time of adjustment. Variations 

in ambient atmosphric conditions can deviate the plant 

operation from its optimum set parameters.

It is an aim of the present invention to so 

modify a known PSA plant for the production of oxygen 

that an optimum purge can be used at different 

production rates regardless of ambient or process 

conditions such that regeneration can be obtained from 

each bed at its particular regeneration requirement.

A method of producing a product gas from a feed 

gas mixture including the product gas using pressure 

swing adsorption, said method comprising repeatedly 

performing a cycle of operations which includes the 

steps of: -

a) contacting the feed gas mixture with a bed of 

adsorbent material which adsorbs preferentially 

at least one other component of the feed gas 

mixture relative to the product gas and leaving 

at least some non-adsorbed product gas;

b) desorbing the bed;

c) purging the bed with a purge gas which is the 

non-adsorbed product gas;

d) sensing when the gas leaving the bed during the 

purging step contains a preselected volume of 

said purge gas; and

e) on reaching the preselected volume stopping the 

purge step.

Preferably, there are a plurality of such beds of 

adsorbent material each operating on a similar cycle but 

sequenced to be out-of-phase with one another such that 

a substantially continuously supply of product gas is 

produced.
Η
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According to a further aspect of the present invention, there is provided 
ar apparatus for the production of a product gas from a feed gas mixture 
including the product gas by pressure swing adsorption comprising a vessel 
containing an adsorbent bed, said vessel having a first inlet pipeline at

5 one of its end regions in communicating with a source of the feed gas
mixture under pressure, a first outlet pipeline for venting desorbed gases 
from the bed, and at or adjacent its other end region a second outlet 
pipeline for said product gas and a second inlet pipeline for a purge gas, 
each of said pipelines having a valve for controlling the flow of gas

10 therethrough; and means for sensing when the percentage of purge gas in the 
first outlet pipeline reaches a preselected level, the sensing means 
transmitting a signal to a control unit which in turn closes the valve 
associated with the second inlet pipeline thereby preventing the flow of 
purge gas therethrough.

15 Preferably the sensing means is a fuel cell located in the first outlet 
pipeline.

An embodiment of the invention will now be described by way of example 
reference being made to the Figure of the accompanying diagrammatic drawing 
which is a schematic diagram of a PSA plant for the separation of oxygen

20 from air.

As shown, a PSA plant 1 for the production of oxygen from air includes an 
air feed line 2 from a compressor (not shown). The air feed line 2 is able 
to be placed in communication with either one of vessels 4, 6 containing 
beds of a zeolite molecular sieve adsorbent. A valve 8 is operable to

25 place the bottom of vessel 4 in communication with the air feed line 2 or 
deny such communication. Likewise, a valve 10 is operable to place the 
bottom of vessel 6 in communication with the air feed line 2 or deny such 
communication.

The plant 1 includes an outlet pipe 12 for oxygen rich product gas in which
30 is located a valve 14. Valves 16, 18 are operable to place the top of the

vessels 4 and 6 respectively in communication with or to deny communication
with the pipeline 12. The pipeline 12 extends towards an oxygen receiver
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vessel (not shown).

The plant 1 includes an outlet pipeline 20 for waste and purge gases. A
valve 22 is operable to place the bottom of the vessel 4 in communication
with the pipeline 20 or deny such communication. Likewise, a valve 24 is
operable to place the bottom of the bed ό in communication with the
pipeline 20 or to deny such communication.

A pipeline 28 connects together the upper ends of the vessels 4, 6 and a 
valve 30 controls the flow of gas between said vessels 4, 6 through the 
pipeline 28.

Located in the pipeline 20 is a fast response analyser sensing head, for 
example, a fuel cell, for sensing the percentage by volume of oxygen 
flowing through the pipeline 20. The fuel cell 32 is located such that in 
operation it can analyse the gas flowing through the pipeline 20 and 
generate a signal which is transmitted to a control unit 34. The ccntrol 
unit 34 is linked to the valve 30 to permit or prevent the flow of purge 
gas through the pipeline 28 as will be explained.

In use, at the start of an operating cycle the interior of the vessel 4 is 
exposed to feed air under pressure which flows from the compressor (not 
shown) through the pipeline 2 open valve 8 and into the bottom of the

20 pressure vessel 4. Nitrogen is adsorbed by the zeolite bed and a product 
gas rich in oxygen leaves the vessel 4 through the valve 16 and into the 
pipeline 12; through the valve 14 and into, for example, an oxygen receiver 
vessel (not shown).

Whilst the zeolite in vessel 4 is on an adsotption step the zeolite in 
25 vessel 6 is undergoing a desorption step in which the bottom of the vessel

6 is in communication with atmosphere via open valve 24 and pipeline 20. 
Thus, residual unadsorbed gas is vented and adsorbed gas, mainly nitrogen, 
is desorbed and also vented.

During this step a continuous controlled purge flows through valve 30 such 
30 that oxygen rich product gas flows from vessel 4, through line 28 and open
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valve 30 and hence into the upper end of vessel 6. The purging gas will
flow down through the vessel 6, through open valve 24 and into line 20 and
hence to atmosphere. The oxygen purge flow displaces nitrogen in the
desorbing bed within the vessel 6. The purge step will continue until the

5 fuel cell 32 senses that the percentage by volume of oxygen in the purge
gas flowing through the line 20 has reached a preselected level. Once that 
level is reached the fuel cell 32 will transmit a signal to the controller 
34 which will automatically close the valve 30 and interrupt the flow of

j·..,. purge gas through the line 28.
• · 9

9 9 9

. ,. 10 After the production/purge step the zeolite in the vessels 4, 6 will• · ·
*· undergo an equalisation step where oxygen rich air will transfer from the

• · ·
* * higher pressure bed 4 via valves 16, 18 to bed 6. Then the zeolite will
• · ·
*** * reverse roles such that the feed air under pressure will then pass through

the feed air line 2 and be directed through open valve 10 and into the
15 bottom of the vessel 6. An oxygen rich product gas leaves the vessel 6 via

··"” open valve 18 and passes along the pipeline 12 and open valve 14 towards
• · · ·

: the oxygen receiver vessel.

·;···; During the adsorption step of the zeolite in the vessel 6, the zeolite in
·’’*’· vessel 4 will be desorbed by opening valve 22 such that unadsorbed oxygen

20 and adsorbed nitrogen leaves the bottom of the vessel 4 via open valve 22
and line 20 and a continuous controlled purge will flow from vessel 6

....; through line 28 and open valve 30 and hence into the upper end of vessel 4.• ·
' The purging gas will flow down through the vessel 6, through open valve 22

into line 20 and hence to atmosphere.

25 As previously explained the oxygen purge flow displaces nitrogen in the 
desorbing bed within the vessel 4. The purging step will continue until 
the fuel cell 32 senses that the percentage by volume of oxygen in the 
purge gas flowing through line 20 has reached a preselected level and once 
that level is reached it will transmit a signal to the controller 34

• 30 thereby to close valve 30.

After this purge step the pressure in the vessels 4, 6 will again be
equalised by opening valves 16, 18 such that higher pressure gas in vessel
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6 flows into the top of vessel 4.

It will be evident in the embodiment described above that the use of an 
analyser sensing head to signal when the purge gas flowing through pipeline 
20 has reached a preselected level prevents any excess waste of oxygen rich

5 purge gas.

··• · · · ·
• · · • · ·• · ·
• · ·• · ·

• · · ·• · ·• · ·

Furthermore, the time consuming and difficult operation of trying to 
balance each bed of adsorbent is obviated.

The system has also been found to be of great advantage in power saving 
when turndown/load following is used (reduction in product take off which

10 then requires less purge gas hence less power).

Although reference has been made to a PSA plant in which waste and purge 
gases are vented to atmosphere a vacuum pump can be placed in communication 
with pipeline 20 in a manner known per se.

• ·• ····
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : -

1. A method of producing a product gas from a feed 

gas mixture including the product gas using pressure 

swing adsorption, said method comprising repeatedly- 

performing a cycle of operations which includes the 

steps of: -

a) contacting the feed gas mixture with a bed of 

adsorbent material which adsorbs preferentially 

at least one other component of the feed gas 

mixture relative to the product gas and leaving 

at least some non-adsorbed product gas;

b) desorbing the bed;

c) purging the bed with a purge gas which is the 

non-adsorbed product gas;

d) sensing when the gas leaving the bed during the 

purging step contains a preselected volume of 

said purge gas; and

e) on reaching the preselected volume stopping the 

purge step.

2. A method as claimed in Claim 1, in which there 

are a plurality of such beds of adsorbent material each 

operating on a similar cycle but sequenced to be 

out-of-phase with one another such that a substantially 

continuous supply of product gas is produced.

3. A method as claimed in Claim 1 or 2, in which the 

feed gas mixture is air and the product gas is oxygen.

4. An apparatus for the production of a product gas 

from a feed gas mixture including the product gas by 

pressure swing adsorption comprising a vessel containing 

an adsorbent bed, said vessel having a first inlet 

pipeline at one of its end regions in communicating with 

a source of the feed gas mixture under pressure, a first 

outlet pipeline for venting desorbed gases from the bed, 

and at or adjacent to its other end region a second 

outlet pipeline for said product gas and a second inlet 

pipeline for a purge gas, each of said pipelines having

a valve ---------------------------------------------------------------------------------------------------------------

3*
V /;·■

4( · ,-x
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for controlling the flow of gas therethrough; and means for sensing
when the percentage of purge gas in the first outlet pipeline reaches
a preselected level, the sensing means transmitting a signal to a
control unit which in turn closes the valve associated with the second

5 inlet pipeline thereby preventing the flow of purge gas therethrough.

5. An apparatus as claimed in Claim 4, in which the sensing means is a 
fuel cell located in the first outlet pipeline.

6. A method of producing a product gas from a feed gas mixture containing 
said product gas substantially as hereinbefore described.

10 7. An apparatus for the production of a product gas from a feed gas
mixture containing said product gas substantially as hereinbefore 
described with reference to the Figure of the accompanying drawing.

DATED this 17th Day of January, 1994 

THE BOC GROUP pic

Attorney: IAN ERNST 
Fellow Institute of Patent Attorneys of Austral;»
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During a purge step of a PSA plant (1) the waste

gas being vented is analysed (32) to identify then a

preselected volume of the waste gas contains purge gas

5 after which the purge step is stopped (34, 30).

• · · · · Figure
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