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Air separation.

A stream of air is compressed in compressor N
taud

2 and has water vapour and carbon dioxide

removed therefrom in purification unit 4. A part
of the resulting purified air is cooled by passage
through heat exchanger 6 and is employed to
heat an intermediate reboiler 24 in a lower
pressure rectification column 42. The air flow
from the reboiler 24 passes into a higher press- \,
ure rectification column 20 which supplies a
stream of oxygen-enriched liquid air for sepa-
ration in the lower pressure rectification col-
umn 42. Liquid nitrogen reflux for the higher
pressure column 20 is provided by taking nitro-
gen vapour from this column through outlet 30
and condensing it in another intermediate re-
boiler 32 located above the reboiler 24 in the
rectification column 42. The condensed nitro-
gen is returned to the top of the column 20.
Another air stream is employed to reboil a
further reboiler 16 at the bottom of the lower
pressure rectification column 42 with the result-
ing condensed air stream being introduced into
the higher pressure rectification column 20
through an inlet 22. An impure oxygen product
is withdrawn from the bottom of the lower
pressure rectification column 42 through outlet o~
58 in liquid state and is vaporised in the heat -
exchanger 6. The arrangement of reboilers 16,

24 and 32 facilitates operation of the apparatus
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with a relatively low pressure ratio between the
operating pressure of the column 20 and that of
the column 42.
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This invention relates to a method and apparatus for separating air.

The most important method commercially for separating air is by rectification. A frequently used method
of separating air by rectification includes steps of compressing a stream of air, purifying the resulting stream
of compressed air by removing from it water vapour and carbon dioxide, and cooling the resulting purified
stream of air by heat exchange with returning product streams to a temperature suitable for its rectification.
The rectification is performed in a so-called "double rectification column" comprising a higher pressure and
a lower pressure rectification column. Most if not all of the air is introduced into the higher pressure column
and is separated into oxygen-enriched air and nitrogen vapour. Nitrogen vapour is condensed. Part of the con-
densate is used as liquid reflux in the higher pressure column. Oxygen-enriched liquid is withdrawn from the
bottom of the higher pressure column, is sub-cooled and is introduced into an intermediate region of the lower
pressure column through a throttling or pressure reduction valve. The oxygen-enriched liquid is separated into
substantially pure oxygen and nitrogen products in the lower pressure column. These products are withdrawn
from the lower pressure column and form the returning streams against which the incoming air is heat ex-
changed. Liquid reflux for the lower pressure column is provided by taking the remainder of the condensate
from the higher pressure column, sub-cooling it, and passing it into the top of the lower pressure column through
a throttling or pressure reduction valve.

Conventionally, the lower pressure column is operated at pressures in the range of 1 to 1.5 bar absolute.
Liquid oxygen at the bottom of the lower pressure column is used to meet the condensation duty at the top of
the higher pressure column. Accordingly nitrogen vapour from the top of the higher pressure column is heat
exchanged with liquid nitrogen in the bottom of the lower pressure column. Sufficient liquid oxygen is able to
be evaporated thereby to meet the requirements of the lower pressure column for reboil and to enable a good
yield of gaseous oxygen product to be achieved. The pressure at the top of the higher pressure column and
hence the pressure to which the incoming air is compressed are arranged to be such that the temperature of
the condensing nitrogen is about one degree Kelvin higher than that of the boiling oxygen in the lower pressure
column. In consequence of these relationships, it is not generally possible to operate the higher pressure col-
umn below a pressure of about 5.5 bar.

Improvements to the air separation process enabling the higher pressure column to be operated at a pres-
sure below 5.5 bar have been proposed when the oxygen product is not of high purity, containing, say, from
2 to 20% by volume of impurities. US-A-4 410 343 discloses that when such lower purity oxygen is required,
rather than having the above-described link between the lower and higher pressure columns, air is employed
to boil oxygen in the bottom of the lower pressure column in order both to provide reboil for that column and
to evaporate the oxygen product. The resulting condensed air is then fed into both the higher pressure and
the lower pressure column. A stream of oxygen-enriched liquid is withdrawn from the higher pressure column,
is passed through a throttling valve and a part of it is used to perform the nitrogen condensing duty at the top
of the higher pressure column.

US-A-3 210 951 also discloses a process for producing impure oxygen in which air is employed to boil
oxygen in the bottom of the lower pressure column in order both to provide reboil for that column and to evap-
orate the oxygen product. In this instance, however, oxygen-enriched liquid from an intermediate region of the
lower pressure column is used to fulfil the duty of condensing nitrogen vapour produced in the higher pressure
column.

Although the processes described in US-A-4 410 343 and US-A-3 210 951 make possible some measure
of reduction in the ratio of the operating pressure of the higher pressure column to the operating pressure of
the lower pressure column when the oxygen product is not pure, a further improvement would be particularly
desirable. The present invention relates to methods and plants for separating impure oxygen from air which
are intended to meet this need.

According to the present invention there is provided a method of separating air comprising rectifying a first
stream of air in a higher pressure rectification column and thereby producing nitrogen vapour and oxygen-en-
riched liquid; condensing at least some of the nitrogen vapour and employing at least some of the resulting
condensate as reflux in the higher pressure rectification column; rectifying a stream of oxygen-enriched fluid
in a lower pressure rectification column; providing liquid nitrogen reflux for the lower pressure rectification col-
umn; withdrawing impure product oxygen from the lower pressure rectification column; reboiling a first liquid
taken from a first mass exchange region of the lower pressure rectification column and passing a flow of re-
boiled first liquid upwardly through the lower pressure rectification column; reboiling a second liquid taken from
at least one second mass exchange region of the lower pressure rectification column, and passing a flow of
reboiled second liquid upwardly through the lower pressure rectification column, wherein said second liquid
is reboiled by indirect heat exchange with the first air stream, the said nitrogen vapour is condensed by indirect
heat exchange with a third liquid taken from at least one third mass exchange region of the lower pressure
rectification column and the second liquid is richer in oxygen than the third liquid but less rich in oxygen than
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the first liquid.

The invention also provides apparatus for separating air comprising a higher pressure rectification column
for separating a first stream of air into nitrogen vapour and oxygen-enriched liquid; a condenser for condensing
atleast some of the nitrogen vapour having an outlet for condensate in communication with an inlet to the higher
pressure rectification column for liquid nitrogen reflux; a lower pressure rectification column for rectifying a
stream of oxygen-enriched fluid having a first inlet for the stream of oxygen-enriched fluid, a second inlet for
liquid nitrogen reflux, and an outlet for impure product oxygen; a first reboiler for reboiling a first liquid having
an inlet for the first liquid in communication with a first mass exchange region of the lower pressure rectification
column and an outlet for reboiled first liquid communicating with the lower pressure rectification column where-
by a flow of reboiled first liquid upwardly through the lower pressure rectification column is able to be created;
a second reboiler for reboiling a second liquid by indirect heat exchange with the first stream of air, said second
reboiler having an inlet for the second liquid communicating with at least one second mass exchange region
of the lower pressure rectification column and an inlet for the first stream of air and an outlet for reboiled second
liqguid communicating with the lower pressure rectification column, whereby a flow of reboiled second liquid is
able to pass upwardly through the lower pressure rectification column; wherein said condenser has reboiling
passages having an inlet for a third liquid communicating with at least one third mass exchange region of the
lower pressure rectification column, and the communication between the said inlets for the first, second and
third liquids and respectively the first, second and third mass exchange regions of the lower pressure rectifi-
cation column is such that in operation the second liquid is richer in oxygen than the third liquid but less rich
in oxygen than the first liquid.

By reboiling both first and second liquids, it is possible to keep down the work expended in compressing
incoming air and hence keep down the ratio of the pressure at the bottom of the higher pressure rectification
column to the pressure at the bottom of the lower pressure rectification column.

Typically, at least part of the first air stream is condensed by its indirect heat exchange with the said second
liquid.

The oxygen-enriched liquid is preferably taken directly or indirectly from the higher pressure rectification
column.

The higher pressure rectification column is preferably operated at a pressure at its bottom essentially the
same as the pressure at or under which the first air stream passes out of indirect heat exchange with the said
second liquid taken from the second mass exchange region of the lower pressure rectification column.

The first mass exchange region is preferably the bottom one in the lower pressure rectification column.
Typically, the first liquid taken from the first mass exchange region of the lower pressure rectification column
has the same compaosition as the impure oxygen product withdrawn therefrom.

In some examples of a method according to the invention the said first liquid is preferably reboiled by in-
direct heat exchange with a second air stream at a higher pressure than the first air stream, at least part of
the second air stream thereby being condensed. The second air stream is preferably reduced in pressure down-
stream of its heat exchange with the first air stream and is introduced into the higher pressure rectification
column. If desired, the second air stream may be enriched in oxygen upstream of its heat exchange with the
said first liquid. This enrichment is preferably performed in a liquid-vapour contact column with oxygen-enrich-
ed liquid withdrawn from the lower pressure rectification column. A resulting oxygen-enriched second air
stream is formed. Enriching the second air stream in oxygen reduces the pressure at which the second air
stream needs to be provided in order to reboil the first liquid and makes it possible for the second air stream
to be supplied at the same pressure as the first air stream. The said oxygen-enriched liquid is preferably raised
to the pressure of the liquid-vapour contact column by means of a pump.

Preferably, the oxygen product is withdrawn in liquid state. By so doing, the proportion of the air to be sepa-
rated which is employed as the second air stream may be kept down to about 15% or less by volume. Accord-
ingly, the overall power consumption of the process is kept down. Alternatively, it is possible to take the third
oxygen product as gas but at the cost of an increased requirement for reboil of the first liquid and hence, there-
fore, for the second air stream typically to form a greater proportion of the incoming air flow.

Preferably a third air stream is introduced into the lower pressure rectification column.

The respective air streams are preferably taken from one or more sources of compressed air that has been
purified by removal of water vapour and carbon dioxide and cooled to a temperature suitable for its separation
by rectification.

The method and apparatus according to the invention are suitable for use in processes in which the lower
pressure rectification column operates at a conventional low pressure, that is at a pressure below 1.5 bar at
its bottom and in processes in which the lower pressure rectification column is operated at substantially higher
pressure, for example, in the range of 2.5 to 5 bar. In examples of low pressure processes, in which the impure
oxygen is taken in liquid state, the impure oxygen product is preferably vaporised by indirect heat exchange
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with a stream of compressed air at a higher pressure than the pressure at the bottom of the higher pressure
rectification column. The third air stream may be used for this purpose. In examples of higher pressure proc-
esses, impure liquid oxygen product may be vaporised by heat exchange with a condensing fluid that down-
stream of its heat exchange is employed as reflux in one or both of the rectification columns.

The said first and second reboilers in the said condenser may be located within the lower pressure recti-
fication column. Alternatively, one or more may be located outside the lower pressure rectification column.

The rectification column may effect liquid-vapour contact by means of distillation trays or by packing, for
example structured packing. In comparison with distillation trays, there are typically fewer mass exchange lo-
cations where liquid can be withdrawn for reboil and returned from reboil. If it is not possible to obtain from a
single region of the lower pressure rectification column a second liquid for optimum composition for indirect
heat exchange with the first air stream, a suitable composition of liquid may be achieved by withdrawing second
liquid from two spaced apart mass exchange regions of the lower pressure rectification column at chosen rates
and mixing them so as to give a desired composition of second liquid.

The method and apparatus according to the present invention are suitable for use in producing an impure
oxygen product containing from 85 to 97% by volume of oxygen. If desired a purer oxygen product (say, con-
taining about 0.5% by volume of impurities) may also be produced, but at a rate substantially less than that at
which the impure oxygen product is produced. To this end, liquid-vapour contact surfaces are located within
the lower pressure rectification column at levels intermediate that of the outlet for the impure oxygen product
and that of an outlet for the purer oxygen product.

The method and apparatus according to the present invention will now be described by way of example
with reference to the accompanying drawings, in which each of Figures 1 to 7 is a schematic flow diagram, not
to scale, of an air separation plant. In Figures 1 to4 and 6 and 7, like parts are identified by the same reference
numerals in each Figure.

Referring to Figure 1 of the drawings, air is compressed in a compressor 2 to a chosen pressure. The re-
sulting flow of compressed air passes through a purification apparatus or unit 4 which removes water vapour
and carbon dioxide from the air. The unit 4 employs beds of adsorbent (not shown) to effect this removal of
water vapour and carbon dioxide. The beds are operated out of sequence with one another typically such that
while one or more beds are being used to purify air, the remainder are being regenerated for example by means
of a stream of hot nitrogen. Such purification apparatus and its operation are well known in the art and need
not be described further.

The purified air flow is divided into major and minor streams. The major stream (typically about 55% of
the total flow of purified air) flows through a main heat exchanger 6 from its warm end 8 to its cold end 10.
The major air stream typically leaves the cold-end 10 of the main heat exchanger 6 as a vapour at or close to
its saturation temperature and is therefore at a temperature suitable for its separation by rectification. The
minor purified air stream is further compressed in a booster-compressor 12. The thus compressed minor air
stream flows through the main heat exchanger 6 from its warm end 8 to its cold end 10 and is thereby cooled
to a temperature sufficient to cause it to liquefy. A slip stream is withdrawn from the minor air stream at a first
region of the main heat exchanger 6 intermediate its warm end 8 and its cold end 10. The slip stream is ex-
panded with the performance of external work in an expansion turbine 14. The resulting expanded minor air
stream is reintroduced into the main heat exchanger 6 at a second region intermediate the first region thereof
and its cold end 10. The slip stream leaves the main heat exchanger 6 again at its cold end 10 at its saturation
temperature or a temperature close thereto.

The major air stream, the slip stream of air and the minor air stream are taken from the cold end 10 of the
main heat exchanger 6 as respectively first, second and third streams of air for separation. The second air
stream is passed through condensing passages of a first reboiler 16 and is at least partially condensed by
indirect heat exchange with boiling liquid as shall be described below. The resulting at least partially condensed
second air stream leaves the first reboiler 16, flows through a throttling valve 18 and is introduced into a higher
pressure rectification column 20 through an inlet 22. The first air stream is passed through condensing pas-
sages (not shown) of a second reboiler 24 and is at least partially condensed by indirect heat exchange with
boiling liquid as shall be described below. The resulting at least partially condensed first air stream leaves the
second reboiler 24 and is introduced into the higher pressure rectification column 20 through an inlet 26.

The higher pressure rectification column 20 contains liquid-vapour contact surfaces 28 whereby a de-
scending liquid phase is brought into intimate contact with an ascending vapour phase such that mass transfer
between the two phases takes place. The liquid-vapour contact surfaces 28 may for example be provided by
distillation trays (preferably of the sieve kind) or by packing (preferably structured packing). In operation of
the higher pressure rectification column 20, liquid collects at its bottom. This liquid is approximately in equi-
librium with air vapour introduced into the column 20 through the inlet 26 and is thus somewhat enriched in
oxygen. Nitrogen vapour is obtained at the top of the higher pressure rectification column 20.
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A stream of the nitrogen vapour is withdrawn from the top of the higher pressure rectification column 20
through an outlet 30 and is condensed by as it passes through a condenser 32 by indirect heat exchange with
boiling liquid as shall be described below. The resulting liquid nitrogen condensate is returned to the higher
pressure rectification column 20 through an inlet 34 at its top. A part of the liquid nitrogen condensate is em-
ployed as reflux in the higher pressure rectification column 20, flowing down the column in mass exchange
relationship with ascending vapour.

A stream of oxygen-enriched liquid air is withdrawn from the higher pressure rectification column 20
through an outlet 36, is sub-cooled by passage through a heat exchanger 38 from its warm end 39 to an in-
termediate region thereof. The sub-cooled oxygen-enriched air stream flows out of the heat exchange 38 from
the intermediate region, is passed through a throttling valve 40 and is introduced into a lower pressure recti-
fication column 42 through an inlet 44. The lower pressure rectification column 42 also receives the third air
stream through an inlet 48 to the column 42 at a level above that of the inlet 44, this air stream having been
taken from the cold end 10 of the main heat exchanger 6, passed through the heat exchanger 38 from its warm
end 39 to the intermediate region from which the oxygen-enriched liquid stream is withdrawn, withdrawn from
the heat exchanger at the intermediate region, and passed through a throttling valve 46 upstream of the inlet
48. The third air stream and oxygen-enriched liquid air stream are separated in the lower pressure rectification
column 42 into nitrogen which is obtained at the top of the column 42 and impure oxygen (typically containing
about 95% by volume of oxygen) at its bottom. In order to enable this separation to be performed in the lower
pressure rectification column 42, the column 42 contains liquid-vapour contact surfaces 50 to enable descend-
ing liquid to be brought into intimate contact with ascending vapour such that mass exchange between the
liquid and the vapour takes place. The liquid-vapour contact surfaces 50 may for example be provided by dis-
tillation trays (preferably of the sieve kind) or by packing (preferably structured packing).

A descending flow of liquid within the lower pressure rectification column 42 is created by taking from the
higher pressure rectification column 20 through an outlet 52 another part of the liquid nitrogen condensate
formed in the condenser 32, sub-cooling it by passage through the heat exchange 38, (the nitrogen stream
entering the heat exchanger 38 at the intermediate region thereof from which the oxygen-enriched liquid is
withdrawn, passing the sub-cooled liquid nitrogen stream through a throttling valve 54 and introducing it into
the lower pressure rectification column 42 through an inlet 56 at a level above all the liquid-vapour contact
surfaces 50 in the column 42.

A flow of ascending vapour is created in the lower pressure rectification column 42 by taking from liquid-
vapour mass exchange regions therein first, second and third liquids of different composition from one another
and reboiling these liquids. The first liquid, typically containing about 95% by volume of oxygen, is part of the
impure liquid oxygen obtained at the bottom of the column 42. This impure liquid oxygen is taken from a bottom
mass exchange region of the lower pressure rectification column 42. A part of it is withdrawn from the column
42 through an inlet 58 at its bottom. The remainder is reboiled in the first reboiler 16 by indirect heat exchange
with the air stream, the second air stream thus being at least partially condensed as previously described. The
reboiler 16 is typically at least partially immersed in a volume of impure liquid oxygen at the bottom of the col-
umn 42 and may therefore be of the thermosiphon kind. Resulting impure oxygen vapour passes out of the
top of the reboiler 16 and ascends the lower pressure rectification column 42. The second liquid is typically
taken from an intermediate mass exchange region of the lower pressure rectification column 42 where the oxy-
gen concentration in the liquid phase is about 80% by volume. The second liquid is partially or totally reboiled
by passage through the reboiler 24 which is located within the lower pressure rectification column 42. The
downwardly flowing second liquid is reboiled in the reboiler 24 by heat exchange with the first air stream, the
first air stream thereby being at least partially condensed as previously described. The resulting vaporised sec-
ond liquid passes out of the reboiler 24 and ascends the lower pressure rectification column 42. The third liquid
is typically taken from another intermediate mass exchange region of the lower pressure rectification column
42. The oxygen content in the liquid phase at this other intermediate mass exchange region of the lower pres-
sure rectification column is preferably in the range of 40 to 50% by volume. The third liquid is partially or totally
reboiled by downward passage through the reboiling passages of the condenser 32 which is located within
the lower pressure rectification column 42. The downwardly flowing third liquid is reboiled in the condenser
32 by heat exchange with condensing nitrogen taken from the higher pressure rectification column 12 as pre-
viously described. The resulting vaporised third liquid passes out of the condenser 32 and ascends the lower
pressure rectification column 42.

A stream of impure liquid oxygen product is withdrawn from the lower pressure rectification column 42
thorough the outlet 58 by operation of a pump 60. The pump 60 urges the impure liquid oxygen into the main
heat exchanger 6 at its cold end 10. The impure oxygen stream flows through the main heat exchanger 10
from its cold end 10 to its warm end 8, being fully vaporised therein. Resultant impure gaseous oxygen product
leaves the warm end 8 of the main heat exchanger 6 at approximately ambient temperature.
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A stream of gaseous nitrogen product is withdrawn from the top of the lower pressure rectification column
42 through an outlet 62. The nitrogen product flows through the heat exchanger 38 from its cold end 41 to its
warm end 39 thereby providing cooling for the heat exchanger 38. From the warm end 39 of the heat exchanger
38 the nitrogen product stream flows to the cold end 10 of the main heat exchanger 6, and from there through
the main heat exchanger 6 to its warm end 8. The nitrogen product stream leaves the main heat exchanger 6
at approximately ambient temperature.

Numerous changes and modifications may be made to the plant shown in Figure 1 and its operation. For
example, any of the reboilers 16 and 24 and the condenser 32 may be located externally of the lower pressure
rectification column 42 and may each take the form of a heat exchanger operating on the thermosiphon prin-
ciple with the heat exchanger at least partially immersed in the liquid to be reboiled.

Other modifications to the plant shown in Figure 1 are possible. For example, if the lower pressure recti-
fication column is packed, there will be typically fewer levels of it from which liquid may be withdrawn for re-
boiling in an external reboiler. If there is not a convenient location from which a second liquid containing from
55 to 60% by volume of oxygen can be withdrawn, in a modification which is not shown in Figure 1, the second
liquid can be formed by appropriate mixing of two streams of liquid taken from different mass exchange levels
of the lower pressure rectification column 42, one stream having a concentration of oxygen less than that de-
sired for the second liquid, and the other stream having a concentration of oxygen greater than that desired.
As a further example, both the second reboiler 24 and the condenser 32 can be located outside the lower pres-
sure rectification column 42 and both the second and third liquids can be formed by mixing one liquid stream
having an oxygen concentration greater than that of the second liquid with a second liquid stream having an
oxygen concentration less than that of the third liquid, the relative proportions of the two liquid streams being
selected so as to give desired compositions for rebaoil.

In another possible modification of the plant shown in Figure 1, there is an additional stream of air which
is taken from the first air stream at a region intermediate the cold end 10 of the main heat exchanger 6 and
the second reboiler 24. The additional stream by-passes the second reboiler 24 and is introduced into the high-
er pressure rectification column 20 at a chosen level. Typically, if this additional stream of air is taken, all the
first stream of air entering the reboiler 24 is totally condensed therein. It is similarly possible to take a part of
the second air stream from intermediate the cold end 10 of the main heat exchanger 6 and the first reboiler
16, and to pass this part of the second air stream through a throttling or pressure reduction valve (not shown)
and introduce it into the higher pressure rectification column 20 without passing through the first reboiler 16.
In general, liquid air streams are introduced into the higher pressure rectification column 20 at a higher mass
exchange level than vaporous air streams of the same composition. If desired, if an air stream to be introduced
into the higher pressure rectification column 20 comprises both liquid and vapour phases it may be passed
into a phase separator (not shown) in order to separate the liquid phase from the vapour stream upstream of
the higher pressure rectification column 20.

Another modification that can be made to the plant shown in Figure 1 is to employ a lower pressure rec-
tification column 42 comprising two or more discrete vessels. For example, the second reboiler 24 may be
located in the sump of an upper vessel (not shown) and liquid may flow therefrom under gravity into a lower
vessel (not shown) which contains the first reboiler 16 and the liquid-vapour contact surfaces 50 intermediate
the first reboiler 16 and the second reboiler 24. Vapour flows from the top of the lower vessel into a bottom
region of the upper vessel.

Yet another modification to the plant shown in Figure 1 is illustrated in Figure 2 of the accompanying draw-
ings. In this modification, the second air stream is expanded in the turbine 14 to the pressure of the first air
stream. The first and second air streams are merged in the heat exchanger 6 at a region intermediate its cold
end 10 and the region from which the slip stream is taken for expansion in the turbine 14. The second air stream
is in effect withdrawn again from the first air stream downstream of the cold end 10 of the heat exchanger 6
and is passed into the bottom of a liquid-vapour contact column 70 containing liquid-vapour contact surfaces
72 which may be provided by liquid-vapour contact trays or by packing, for example, structured packing. The
second air stream as it ascends the column 70 undergoes mass exchange with a descending impure liquid
oxygen stream. The impure liquid oxygen stream contains about 55% by volume of oxygen and is typically an
intermediate mass exchange region of the lower pressure rectification column 42 by a pump 61 and pumped
into the top of the column 70. The second air stream is enriched in oxygen as it ascends the column 70. An
oxygen-enriched second air stream is withdrawn from the top of the column 70 through an outlet 74 and is
passed through the first reboiler 16, thereby being at least partially condensed. The oxygen-enriched liquid
air flows out of the reboiler 16 and through the throttling valve 18. The resulting stream is introduced into the
lower pressure rectification column 50 through an inlet 51 (rather than being introduced into the higher pressure
rectification column 20). Accordingly, in order to provide a liquid air feed to the higher pressure rectification
column 20, a part of the third air stream is taken upstream of the heat exchanger 38, is passed through an
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expansion valve 53 and is introduced into the higher pressure rectification column 20 through an inlet 55. An
oxygen-enriched liquid air stream passes out of the bottom of the column 70 through an outlet 76. The oxygen-
enriched liquid air stream passes through a throttling valve 78 and flows into the higher pressure rectification
column 20 through an inlet 80.

Enrichment of the second air stream in oxygen tends to raise its condensing temperature. Accordingly, in
order to maintain an optimum condensing temperature on the first reboiler 16 it is necessary to reduce the
pressure of the second air stream in comparison with its pressure in operation of the plant shown in Figure 1.
The outlet pressure of the expansion turbine 14 is thus lower and the outlet pressure of the booster-compressor
12 is also lower than in operation of the plant shown in Figure 1. Thus, a power saving is made possible relative
to the operation of the plant shown in Figure 1.

A yet further modification to the plant shown in Figure 1 is illustrated in Figure 3. In this modification, the
minor air stream is divided upstream of the warm end 8 of the main heat exchanger 6 into two subsidiary
streams. One subsidiary stream is compressed in a first booster-compressor 90. The resulting compressed
air stream flows through the main heat exchanger 6 from its warm end 8 to its cold end 10. This air stream
constitutes the second air stream that is at least partially condensed in the first reboiler 16. The other subsidiary
air stream is compressed in a second booster-compressor 92. The compressed air stream leaves the outlet
of the second booster-compressor 92 and flows through the main heat exchanger 6 from its warm end 8 to its
cold end 10. This air stream is at least partially condensed by its passage through the main heat exchanger
6 and constitutes the third air stream that is introduced into the lower pressure rectification column. A fourth
air stream is formed by withdrawing a- slip stream of air from the major purified air stream at a region inter-
mediate the warm end 8 and the cold end 10 of the man heat exchanger 6. The fourth air stream is expanded
in an expansion turbine 94 with the performance of external work. The resulting expanded air stream is rein-
troduced into the main heat exchanger 6 at a second intermediate region thereof at a lower temperature than
the first intermediate region. The fourth air stream flows through the main heat exchanger 6 from the second
intermediate region to its cold end 10. The fourth air stream leaves the cold end 10 of the main heat exchanger
6 at approximately its saturation temperature and is introduced through an inlet 96 into the lower column 42
at a mass exchange region thereof above the condenser 32. The work performed by the expansion turbine 94
is the driving of the booster-compressor 90. In other respects, the plant shown in Figure 3 is comparable to
that shown in Figure 1.

Another possible modification to the plant shown in Figure 1 is illustrated in Figure 4 of the accompanying
drawings. In this modification, the entire third air stream passes through a throttling valve 96 downstream of
the cold end 10 of the main heat exchanger 6. From the valve 96, the third stream of air passes into and mixes
with the second stream of air intermediate the first reboiler 16 and the throttling valve 18. A stream of liquid
air is withdrawn from the higher pressure rectification column 20 through an outlet 98 and forms the liquid air
stream that is sub-cooled in the heat exchanger 38, is reduced in pressure by passage through the throttling
valve 46, and is introduced into the lower pressure rectification column 20 from the inlet 48.

All the processes described above with reference to Figures 1 to 4 of the accompanying drawings are es-
sentially low pressure processes, by which it is meant that the lower pressure rectification column 42 operates
at its bottom at a pressure less than about 1.5 bar. In general, when the lower pressure rectification column
42 is operated thus, the operating pressure of the higher pressure rectification column 20 at its bottom can
be kept to below 3.0 bar, and hence the outlet pressure of the compressor 2 can be kept to below 3.3 bar al-
lowing for downstream pressure drops amounting to 0.3 bar. In an example of the operation of the plant shown
in Figure 2, the compressor 2 may have an outlet pressure of 2.8 bar and the expansion turbine 14 and outlet
pressure of about 4 bar. The compressor 12 typically has an outlet pressure of 10 bar and the oxygen pump
60 raises the pressure of the impure oxygen product stream to 4 bar, although a wide variety of pressures are
possible provided that the outlet pressure of the compressor 12 is always such that the liquefaction temperature
of the third air stream is above the boiling temperature of the impure liquid oxygen product stream.

One reason for the relatively low operating pressures of processes according to the invention is that the
second reboiler 24 is given a reboiling duty substantially in excess of that of the first reboiler 16. Since the
condensing passages of the second reboiler 24 operate at a lower temperature than the condensing passages
of the reboiler 16, the first stream of air is supplied at a lower pressure than the second stream of air. The
process according to the invention represents a considerable advance on conventional so-called 'dual reboil-
er’ processes in which the only reboil below the level of a nitrogen condenser corresponding to the condenser
32 is provided by a single reboiler at the bottom of the lower pressure rectification column. Efficient operation
of processes according to the invention is also facilitated by condensation of the third stream of air by heat
exchange with the liquid impure oxygen product. Typically, the impure oxygen product is pressurised by the
pump 60 to a pressure of 3 to 8 and the third air stream leaves the cold end 10 of the main heat exchanger 6
at a pressure in the range of 5 to 20 so as to maintain a good match between the temperature enthalpy profile
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of the vaporising impure liquid oxygen product stream and the condensing third air stream. The third air stream
boosts the reflux at an intermediate level of the lower pressure rectification column 42.

It is not essential to the method and apparatus according to the present invention that the lower pressure
rectification column be operated at a low pressure. Indeed, the method and apparatus according to the inven-
tion can be employed with advantage when it is desired to produce an elevated pressure nitrogen product from
the lower pressure rectification column. Raising the operating pressure of the lower pressure rectification col-
umn has the effect of reducing the relative volatilities of the oxygen and nitrogen components separated there-
in. Accordingly, there tends to be a greater demand for liquid nitrogen reflux with increasing lower pressure
rectification column operating pressure. In the plant illustrated in Figure 5 of the accompanying drawings, the
need for increased liquid nitrogen reflux in the lower pressure rectification column is moderated by flashing a
preferably sub-cooled oxygen-enriched liquid air stream through a throttling valve so as to reduce its pressure
to a valve intermediate the pressure at the bottom of the higher pressure rectification column and the pressure
at the bottom of the lower pressure rectification column, partially reboiling the resulting stream, and separating
resultant liquid and vapour phases in a phase separator. As aresult, the liquid phase is further enriched in oxy-
gen. A stream of the liquid phase is withdrawn from the phase separator and is introduced into the lower pres-
sure rectification column. The vapour phase which is enriched in nitrogen is taken from the phase separator,
is preferably condensed and is also introduced into the lower pressure rectification column.

Referring to Figure 5, a compressor 102 and a purification unit 104 are operated to produce a stream of
compressed air essentially free of water vapour and carbon dioxide in a manner analogous to the compressor
2 and the purification unit 4 of the plant shown in Figure 1. The compressed and purified air stream is divided
into major and minor streams. Typically, at least 85% of the air enters the major stream. The major stream
flows through a main heat exchanger 106 from its warm end 108 to its cold end 110. A slip stream is taken
from the major air stream at a first intermediate region of the main heat exchanger 106 and is expanded with
the performance of external work in an expansion turbine 112. The resulting expanded slip stream flows out
of the expansion turbine 112 and re-enters the main heat exchanger 106 at a second intermediate region there-
of which is at a lower temperature than the first intermediate region. The expanded slip stream flows from the
second intermediate region through the main heat exchanger 106 to its cold end 110.

The compressed and purified air stream is further compressed in a booster-compressor 114. The resulting
further compressed minor air stream flows through the main heat exchanger 106 from its warm end 108 to its
cold end 110.

The major air stream exiting the heat exchanger 106 at its cold end 110 forms a first air stream for sepa-
ration; the minor air stream exiting the main heat exchanger 106 at its cold end 110 forms a second air stream
for separation and the expanded slip stream exiting the main heat exchanger 106 at its cold end 110 forms a
third air stream for separation.

The second air stream is passed through condensing passages of afirst reboiler 116 and is atleast partially
condensed by indirect heat exchange with boiling liquid as shall be described below. The resulting at least par-
tially condensed second air stream leaves the first reboiler 116, flows through a throttling valve 118 and is
introduced into a higher pressure rectification column 120 through an inlet 122. The first air stream is passed
through condensing passages of a second reboiler 124 and is at least partially condensed by indirect heat ex-
change with boiling liquid as shall be described below. The resulting at least partially condensed first air stream
leaves the second reboiler 124 and is introduced into a higher pressure rectification column 120 through an
inlet 126.

The higher pressure rectification column 120 contains liquid-vapour contact surfaces 128 whereby a de-
scending liquid phase is brought into intimate contact with an ascending vapour phase such that mass transfer
between the two phases takes place. Liquid collects at the bottom of the higher pressure rectification column
120. This liquid is approximately in equilibrium with air vapour introduced into column 120 through the inlet
126 and is thus somewhat enriched in oxygen. Nitrogen vapour is obtained at the top of a higher pressure rec-
tification column 120. A first stream of nitrogen vapour withdrawn from the top of the higher pressure rectifi-
cation column 120 through an outlet 130 is condensed by indirect heat exchange with boiling liquid in a first
condenser 132 as shall be described below. A second stream of nitrogen vapour withdrawn through the outlet
130 of the higher pressure rectification column 120 is similarly condensed in a second condenser 133 as will
also be described below. A third nitrogen stream from the top of the higher pressure rectification column 120
is condensed in a third condenser 135 as will be described below. Resulting liquid nitrogen condensate from
the first, second and third condensers is returned to the higher pressure rectification column 120 through inlets
134, 136 and 138 respectively at its top. A part of the liquid nitrogen condensate is employed as reflux in the
higher pressure rectification column 120, flowing down the column in mass exchange relationship with ascend-
ing vapour.

A stream of oxygen-enriched liquid air is withdrawn from the higher pressure rectification column through
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an outlet 140, is sub-cooled by passage through a heat exchanger 142 from its warm end 144 to an intermediate
region thereof, is withdrawn from this intermediate region and is flashed through a throttling valve 146. The
resulting oxygen-enriched liquid air stream is partially reboiled as it passes through the third condenser 135
by indirect heat exchange with the third of the aforementioned streams of nitrogen taken from the top of the
higher pressure rectification column 120. As a result of the partial reboiling, there is formed a liquid phase which
has a greater concentration of oxygen than the original oxygen-enriched liquid air and a vapour phase which
has a smaller proportion of oxygen than the original oxygen-enriched liquid air. The two phases are separated
in a phase separator 148. A vapour stream is withdrawn from the top of the phase separator 148 and is con-
densed by passage through a fourth condenser 150. The resulting stream of condensate is passed through a
throttling valve 152 and introduced into a lower pressure rectification column 154 at an upper mass exchange
level thereof through an inlet 156. A liquid stream is withdrawn from the bottom of the phase separator 148
and is divided into two sub-streams. One sub-stream is passed through a throttling valve 158 and is reboiled
by passage through the fourth condenser 150, the necessary cooling for the condensation of nitrogen vapour
in the fourth condenser 150 thereby being provided. The resultant reboiled sub-stream is introduced into the
lower pressure rectification column 154 through an inlet 160. The other sub-stream of liquid withdrawn from
the phase separator 148 is passed through a throttling valve 162 and is introduced into the lower pressure
rectification column 154 through an inlet 164. In addition to the fluids introduced into the lower pressure rec-
tification column 154 through the inlets 156, 160 and 164, the third air stream is introduced into the lower pres-
sure rectification column 154 through an inlet 166 at the same level as the inlet 164.

The fluids introduced into the lower pressure rectification column 154 through the inlets 156, 160, 164
and 166 are separated therein into nitrogen which is obtained at the top of the column 154 and impure oxygen
(typically containing about 95% by volume of oxygen) at its bottom. In order to enable this separation to be
performed in the lower pressure rectification column 154, liquid-vapour contact surfaces 168 are provided
therein to enable descending liquid to be brought into intimate contact with ascending vapour such that mass
exchange between a liquid and the vapour takes place.

A descending flow of liquid within the lower pressure rectification column 154 is created by taking from
the higher pressure rectification column 120 through an outlet 170 another part of the liquid nitrogen conden-
sate formed in the condensers 132, 133 and 135. The liquid nitrogen stream withdrawn through the outlet 170
is sub-cooled by passage through the heat exchanger 142 (the nitrogen stream entering the heat exchanger
142 at the intermediate region thereof from which the oxygen-enriched liquid air stream is withdrawn for pas-
sage through the valve 146, and leaving the heat exchanger 142 at its cold end 172), passing the sub-cooled
liquid nitrogen stream through a throttling valve 174 and introducing it into the lower pressure rectification col-
umn 154 through an inlet 176 at a level above all the liquid-vapour contact surfaces 168 therein.

Aflow of ascending vapour is created for the lower pressure rectification column 154 by taking from liquid-
vapour mass exchange regions therein first, second and third liquids of different composition from one another
and reboiling these liquids. The first liquid, typically containing about 95% by volume of oxygen, is part of the
impure oxygen obtained at the bottom of the column 154. It is reboiled in the first reboiler 116 by indirect heat
exchange with the second air stream, thereby providing the necessary cooling at least partially to condense
the second air stream. The reboiler 116 is typically at least partially immersed in a volume of impure liquid
oxygen at the bottom of the column 154 and is typically of the thermosiphon kind. Resulting impure oxygen
vapour passes out of the top of the first reboiler 116 and ascends the lower pressure rectification column 154.

The second liquid to be reboiled is typically taken from an intermediate mass exchange region of the lower
pressure rectification column 154 where the oxygen concentration in the liquid phase is about 80% by volume.
The second liquid is partially or totally reboiled by passage through the second reboiler 124 which is located
within the lower pressure rectification column 154. The second liquid is reboiled in the reboiler 124 by heat
exchange with the first air stream, the first air stream thereby being at least partially condensed as previously
described. The resulting vaporised second liquid passes out of the reboiler 124 and ascends the lower pressure
rectification column 154,

The third liquid is typically taken from another intermediate mass exchange region of the lower pressure
rectification column 154. The oxygen content in the liquid phase at this other intermediate mass exchange re-
gion is preferably in the range of 40 to 50% by volume. The third liquid is partially or totally reboiled by downward
passage through the reboiling passages of the first condenser 132 which is located within the lower pressure
rectification column 154. The reboil of the downwardly flowing third liquid is by heat exchange with condensing
nitrogen taken from the higher pressure rectification column 120 as previously described. The resulting vapo-
rised third liquid passes out of the first condenser 132 and ascends the lower pressure rectification column
154.

Astream of impure liquid oxygen product, typically containing 95% by volume of oxygen, is withdrawn from
the lower pressure rectification column 154 through an outlet 180 and flows through a pressure reducing or
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throttling valve 182 into the second condenser 133. The oxygen is vaporised in the second condenser 133 by
indirect heat exchange with nitrogen taken as previously described from the top of the higher pressure recti-
fication column 120. Resulting impure oxygen vapour flows from the second condenser 133 through the heat
exchanger 106 from its cold end 110 to its warm end 108. The impure oxygen product exits the warm end 108
of the heat exchanger 106 at approximately ambient temperature.

A stream of gaseous nitrogen product is withdrawn from the top of the lower pressure rectification column
154 through an outlet 182. The nitrogen product flows through the heat exchanger 142 from its cold end 172
to its warm end 144 thereby providing cooling for this heat exchanger. The nitrogen product stream flows from
the warm end 144 of the heat exchanger 142 through the main heat exchanger 106 from its cold end 110 to
its warm end 108, leaving at approximately ambient temperature.

In a typical example of the operation of the plant shown in Figure 5 of the drawings, the higher pressure
rectification column 120 is operated at its bottom at a pressure of approximately 9.5 bar and the lower pressure
rectification column 154 at a pressure at its bottom of approximately 4.5 bar. The condensing passages of the
first reboiler 116 typically operate at a pressure in the order of 12 bar. An impure oxygen product (typically con-
taining 95% by volume of oxygen) is produced at a pressure of 2.5 bar.

Referring now to Figure 6, there is shown a plant generally similar to that shown in Figure 3 with the ex-
ception that the impure oxygen product flows from the lower pressure rectification column 42 in vapour state.
In consequence, there are a number of individual differences between the two plants as shall now be descri-
bed. Firstly, in the plant shown in Figure 6, there is no outlet 58 at the bottom of the lower pressure rectification
column 42 for impure liquid oxygen product and no pump 60. Instead, impure gaseous oxygen product is with-
drawn through outlet 191 from above the first reboiler and is warmed to ambient temperature by passage
through the main heat exchanger 6 from its cold end 10 to its warm end 8. Secondly, since a high pressure
air stream is no longer required for the purposes of vaporising a liquid impure oxygen stream, there is a different
arrangement of compressors and expander. All the minor stream of air flows to a booster-compressor 192 in
which it is further compressed to about 4.5 bar. The resulting further compressed minor stream of air is divided
into two subsidiary flows. One subsidiary flow constitutes the second air stream which passes through the
main heat exchanger 6 from its warm end 8 to its cold end 10 and is employed in the reboiler 16 in the manner
described with reference to Figure 3. The other subsidiary air flow is compressed yet further in another booster-
compressor 194. Downstream of the booster-compressor 194, the compressed air enters the main heat ex-
changer 6 through its warm end 8, is cooled to a first intermediate temperature therein, is withdrawn from the
main heat exchanger at a first intermediate location corresponding to the first intermediate temperature, and
is expanded in an expansion turbine 196 to approximately the pressure of the rectification column 42 with the
performance of external work, for example the driving of the booster-compressor 194. The air leaving the tur-
bine 196 is returned to a second intermediate location of the heat exchanger 6 and passes from that location
to the cold end 10 of the heat exchanger 6, and downstream of the cold end 10 is introduced into the rectifi-
cation column 42 through the inlet 96 as a stream equivalent to the fourth air stream described with reference
to Figure 3.

A third difference between the plant shown in Figure 6 and that shown in Figure 3 is that there is no third
air stream in the former that runs from the compressor 192 through the heat exchanger 6 to the inlet 48 of the
lower pressure rectification column 42. Instead, a liquid air stream flows from the higher pressure rectification
column 20 of the plant shown in Figure 6 through an outlet 198, is sub-cooled in the heat exchanger 38, and
is passed through the throttling valve 46 to provide a liquid air stream that is introduced into the lower pressure
rectification column 42 through the inlet 48.

In operation, a significantly greater flow rate of the second air stream is employed in the plant shown in
Figure 6 in comparison to that employed in the plant shown in Figure 3. This greater flow rate of the second
air stream provides more heating for the reboiler 16 and thereby enables impure oxygen product to be taken
from the lower pressure column 42 in the gaseous state at an adequate rate.

Referring now to Figure 7, there is shown a plant generally similar to that shown in Figure 2. However, in
the plant shown in Figure 7 the impure oxygen product is taken from the rectification column 42 in gaseous
state through outlet 191 and in consequence the plant shown in Figure 7 differs from that shown in Figure 2
in a number of ways. In addition, there are a number of other minor differences between the two plants.

Since in the plant shown in Figure 7 the oxygen product is withdrawn in gaseous state there is no outlet
58 at the bottom of the rectification column 42 and no pump 60 and associated wall pipework included therein.
Further, since there is not a requirement in the plant shown in Figure 7 to vaporise a liquid oxygen product
stream in the heat exchanger 6, all the air from the compressor 12 flows to the expansion turbine 14. Rather
than reuniting the expanded air stream produced in the turbine 14 with the purified air stream flowing through
the main heat exchanger at essentially the pressure at which the air leaves the purification unit4, the expanded
air is further reduced in temperature by passage through the main heat exchanger 6 from a chosen intermedi-
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ate region thereof to its cold end 10, and downstream of the cold end 10 is introduced into the lower pressure
rectification column 42 through an inlet 202 at the same level as the inlet 44.

The first and second air streams are formed in an analogous manner to that shown in and described above
with reference to Figure 2. However, the liquid stream taken from the bottom of the mixing column 70 rather
than being introduced into the higher pressure rectification column 20, in the manner shown in Figure 2, is
mixed with the liquid stream withdrawn from the column 20 through the outlet 36. In addition, no pump 61 is
used to feed liquid to the top of the mixing column 70. Instead, a gravity feed is relied upon. The arrangement
of feeds to the higher pressure rectification column 20 is different from that shown in Figure 2. In the plant
shown in Figure 7, a part of the cold air stream that leaves the cold end 10 of the main heat exchanger 6 at
essentially the pressure at which the air exits the purification unit 4 is introduced into the bottom of the higher
pressure rectification column 20 through an inlet 204. Further, the inlet 26 is located above some of the liquid-
vapour contact devices 28 in the column 20. Since all the air from the compressor 12 flows to the expansion
turbine 14, there is no flow from the compressor 12 to either the higher pressure rectification column 20 or
the lower pressure rectification column 42. In order to provide a liquid air stream that is introduced into the
lower pressure rectification column 20 through the inlet 48, a liquid air stream is withdrawn from the higher
pressure column 20 through an outlet 208, is sub-cooled in the heat exchanger 38 and is passed through the
throttling valve 46 to form a stream that is introduced through the inlet 48. Afinal difference between the plant
shown in Figure 7 and that shown in Figure 2 is that in the former air stream that exits the reboiler 16 is united
with the liquid withdrawn from the higher pressure rectification column 20 through the outlet 36 and the liquid
stream withdrawn from the bottom of the mixing column 70.

In operation, a significantly greater flow rate of the second air stream employed in the plant shown in Figure
7 in comparison to that employed in the plant shown in Figure 2. This greater flow rate provides more heating
for the reboiler 16 and thereby enables impure oxygen product to be taken from the lower pressure rectification
column 42 at an adequate rate in the vapour state.

An example of the process illustrated in Figure 4 is given below in Table 1 in which are set out the flow
rate, temperature, pressure, composition, and state of each of the process streams identified in Figure 4 by
the letters Ato S.
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Stream | flow rate/ | pressure | temperature composition state*
sm* hr’ /bar /K .
mole fraction
0, Ar N,

172103.8 | 2.68 281.0 0.21 [ 0.01 | 0.78 | 100%V
172103.8 | 2.43 93.0 0.21 [ 0.01 | 0.78 | 100%V
92677.1 9.09 93.0 0.21 [ 0.01 | 0.78 | 100%L
50360.0 4.16 93.7 0.21 { 0.01 | 0.78 | 100%L
70000.0 2.42 87.4 0.22 { 0.01 | 0.77 { 100%L
50360.0 8.94 144.3 0.21 { 0.01 | 0.78 | 100%V
50360.0 8.94 120.0 0.21 1 0.01 | 0.78 | 100%V
50360.0 4.18 96.2 0.21 1 0.01 | 0.78 | 100%V
172103.8 | 2.40 88.7 0.21 [ 0.01 | 0.78 | 68%V
70000.0 2.37 84.0 0.22 { 0.01 | 0.77 | 100%L
82570.9 2.40 85.5 0.01 | - 0.99 [ 100%L
82570.9 2.35 81.0 0.01 | - 0.98 | 100%L
162570.0 | 2.43 88.4 0.31 | 0.01 | 0.68 | 100%L
162570.0 | 2.38 86.5 0.31 [ 0.01 | 0.68 | 100%L
68189.9 1.35 92.4 0.95 { 0.04 | 0.01 | 100%L
68189.9 3.45 92.5 0.95 [ 0.04 | 0.01 | 100%V
246951.1 | 1.27 86.3 0.01 | - 0.99 [ 100%V
246951.1 | 1.14 278.0 0.01 | - 0.99 | 100%V

* Percentages are by volume
L = Liquid
V = Vapour

Claims

1.

A method of separating air comprising rectifying a first stream of air in a higher pressure rectification col-
umn and thereby producing nitrogen vapour and oxygen-enriched liquid; condensing at least some of the
nitrogen vapour and employing at least some of the resulting condensate as reflux in the higher pressure
rectification column; rectifying a stream of oxygen-enriched fluid in a lower pressure rectification column;
providing liquid nitrogen reflux for the lower pressure rectification column; withdrawing impure product
oxygen from the lower pressure rectification column; reboiling a first liquid taken from a first mass ex-
change region of the lower pressure rectification column and passing a flow of reboiled first liquid up-
wardly through the lower pressure rectification column; reboiling a second liquid taken from at least one
second mass exchange region of the lower pressure rectification column, and passing a flow of reboiled
second liquid upwardly through the lower pressure rectification column, wherein said second liquid is re-
boiled by indirect heat exchange with the first air stream, the said nitrogen vapour is condensed by indirect
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heat exchange with a third liquid taken from at least one third mass exchange region of the lower pressure
rectification column, and the second liquid is richer in oxygen than the third liquid but less rich in oxygen
than the first liquid.

Amethod as claimed in claim 1, in which the impure oxygen product is withdrawn from the lower pressure
rectification column in liquid state.

A method as claimed in claim 1 or claim 2, in which the first mass exchange region is the bottom one in
the lower pressure rectification column, and said first liquid is reboiled by indirect heat exchange with a
second air stream at a higher pressure than the first air stream, at least part of the second air stream
thereby being condensed.

A method as claimed in claim 3, wherein the second air stream downstream of its heat exchange with
the first liquid is reduced in pressure and introduced into the higher pressure rectification column.

A method as claimed in any one of the preceding claims, the second air stream is enriched in oxygen by
being mixed in a liquid-vapour contact column with an oxygen-enriched liquid stream withdrawn from the
lower pressure rectification column and the said first liquid is reboiled by indirect heat exchange with a
second air stream enriched in oxygen.

A method as claimed in any one of the preceding claims, in which a third air stream is introduced into the
lower pressure rectification column.

Amethod as claimed in claim 14, in which the lower pressure rectification column is operated at a pressure
at its bottom in the range of from 2.5 to 5 bar, and said oxygen enriched fluid is formed by taking a stream
of oxygen-enriched liquid from the higher pressure rectification column, flashing the oxygen-enriched lig-
uid stream through a pressure reducing valve so as to reduce its pressure to a value intermediate the
pressure at the bottom of the higher pressure rectification column and the pressure at the bottom of the
lower pressure rectification column, partially reboiling the resulting stream, separating resulting liquid and
vapour phases, and introducing streams of separated liquid and vapour into the lower pressure rectifica-
tion column.

A method as claimed in claim 7, in which the stream of separated vapour phase is condensed upstream
of its introduction into the lower pressure rectification.

A method as claimed in claim 7 or claim 8, in which the partial reboiling of the stream resulting from the
flashing of the oxygen-enriched liquid stream is performed by indirect heat exchange with nitrogen taken
from the higher pressure rectification column, the nitrogen thereby being condensed.

Apparatus for separating air comprising a higher pressure rectification column for separating a first
stream of air into nitrogen vapour and oxygen-enriched liquid; a condenser for condensing at least some
of the nitrogen vapour having an outlet for condensate in communication with an inlet to the higher pres-
sure rectification column for liquid nitrogen reflux; a lower pressure rectification column for rectifying a
stream of oxygen-enriched fluid having a first inlet for the stream of oxygen-enriched fluid, a second inlet
for liquid nitrogen reflux, and an outlet for impure product oxygen; a first reboiler for reboiling a first liquid
having an inlet for the first liquid in communication with a first mass exchange region of the lower pressure
rectification column and an outlet for reboiled first liquid communicating with the lower pressure rectifi-
cation column whereby a flow of reboiled first liquid upwardly through the lower pressure rectification col-
umn is able to be created; a second reboiler for reboiling a second liquid by indirect heat exchange with
the first stream of air, said second reboiler having an inlet for the second liquid communicating with at
least one second mass exchange region of the lower pressure rectification column, an inlet for the first
stream of air, and an outlet for reboiled second liquid communicating with the lower pressure rectification
column, whereby a flow of reboiled second liquid is able to pass upwardly through the lower pressure rec-
tification column; wherein said condenser has reboiling passages having an inlet for a third liquid com-
municating with at least one third mass exchange region of the lower pressure rectification column, and
the communication between the said inlets for the first second and third liquids and respectively the first,
second and third mass exchange regions of the lower pressure rectification column is such that in oper-
ation the second liquid is richer in oxygen than the third liquid but less rich in oxygen than the first liquid.

13



10

18

20

25

30

35

40

45

50

55

1.

12.

13.

14.

EP 0 660 058 A2

Apparatus as claimed in claim 10, in which the first mass exchange region is the bottom one in the lower
pressure rectification column and the first reboiler has an inlet for a second air stream and an outlet for
an at least partially condensed second air stream, which outlet communicates with the higher pressure
rectification column.

Apparatus as claimed in claim 11, additionally including a liquid-vapour contact column for enriching in
oxygen the second air stream upstream of the first reboiler.

Apparatus as claimed in any one of claims 10 to 12, additionally including an outlet from the higher pres-
sure rectification column for an oxygen-enriched liquid stream, a throttling valve for reducing the pressure
of the oxygen-enriched liquid stream, a reboiler downstream of the throttling valve for reboiling a part of
the pressure-reduced oxygen-enriched liquid stream, a phase separator for separating resulting liquid and
vapour streams, the phase separator having an outlet for a liquid stream and an outlet for a vapour stream
both communicating with the lower pressure rectification column.

Apparatus as claimed in claim 13, additionally including a further condenser for condensing said vapour
stream upstream of the lower pressure rectification column.
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