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(54)  Air separation

(57)  An air separation plant includes a plurality of
rectification columns comprising a higher pressure col-
umn 44 and a lower pressure column 46; a first train 2
of air compression stages 4, 6, 8 and 10 communicating
with the higher pressure column 44, and a second train
18 of air compression stages 24, 26 which form part of

36

a gas turbine 16 and which communicate via an expan-
sion turbine 41 with at least one of the rectification col-
umns 44 and 46. The first train 2 of air compression stag-
es 4, 6, 8 and 10 does not form part of the gas turbine
16 or any other gas turbine. The higher approve column
44 is able to be operated at a pressure that can be set
independently of the gas turbine 16.
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Description

[0001] This invention relates to a method of and plant
for air separation.

[0002] GB-A-2 028 991 relates to such a method and
plantin which the air is separated into an oxygen product
and a nitrogen product, and part of the nitrogen product
is supplied at an elevated pressure to a gas turbine. A
double rectification column is employed to separate the
air. (A double rectification column has a higher pressure
rectification column, a lower pressure rectification col-
umn and a condenser-reboiler placing an upper, usually
a top, region of the higher pressure rectification column
in heat exchange relationship with a region, usually a
bottom region, of the lower pressure rectification col-
umn.) The air is rectified in the higher pressure rectifi-
cation column to form an oxygen-enriched liquid fraction
and a first vaporous nitrogen fraction. A stream of the
oxygen-enriched liquid fraction is withdrawn from the
higher pressure rectification column and is used to form
a feed stream to the lower pressure rectification column
so as to form an oxygen product fraction and a second
vaporous nitrogen fraction. At least one stream of nitro-
gen product is taken from the double rectification col-
umn. The oxygen-enriched liquid fraction is rectified in
the lower pressure rectification column. A part of the ni-
trogen product is raised in pressure and introduced into
a gas turbine comprising an air compressor, a combus-
tion chamber which has a first inlet communicating with
the air compressor and a second inlet communicating
with a source of the fuel, and an expander communicat-
ing with a combustion chamber for expanding the hot
gaseous products of the combustion of the fuel. The ni-
trogen is introduced into the combustion chamber or the
expander normally for the purpose of reducing emis-
sions of oxides of nitrogen in the exhaust of the expand-
er. The work done by the expander is typically used to
generate electrical power.

[0003] GB-A-2 028 991 further discloses that the air
to be separated is taken as a bleed from the air com-
pressor of the gas turbine. This expedient effectively ties
the operating pressure of the higher pressure rectifica-
tion column to that of the air compressor of the gas tur-
bine. GB-A-2 028 991 recommends operating the lower
pressure rectification column not at its normal pressure
in the range of 1 to 2 bar absolute but instead at a higher
pressure typically in the range of 3 to 5 bar absolute. As
a result, the higher pressure rectification column now
has to be operated at a pressure in the order of 8 to 12
bars in order for the lower pressure columns to be op-
erated in the preferred pressure range. Thus, the outlet
pressure of the air compressor is fixed at a pressure
which, allowing for pressure drop through the air sepa-
ration plant, is typically no more than half a bar above
the operating pressure of the higher pressure rectifica-
tion column. Thus, the outlet pressure of the air com-
pressor typically has to be no more than 12.5 bar abso-
lute. A problem arises that modern gas turbines tend to

10

15

20

25

30

35

40

45

50

55

operate at higher pressures typically in the order of 20
bar absolute. Operating a double rectification column or
comparable arrangement of rectification columns with
the higher pressure rectification column at such a high
pressure is undesirable in view of the effect of increasing
pressure in reducing the volatility of nitrogen relative to
oxygen.

[0004] EP-A-0465 193 recommends employing an in-
dependent air compressor to raise the pressure of the
air to a level suitable for its separation by rectification.
Of course, the provision of an independent air compres-
sor adds substantially to the capital cost of the air sep-
aration plant.

[0005] Itis an aim of the method and plant according
to the invention to provide air separation in which the
operating pressure of the higher pressure column does
not need to be tied to the operating pressure of the air
compressor of the gas turbine but in which nonetheless
the air compressor of the gas turbine is used to supply
compressed air to the rectification.

[0006] According tothe presentinvention there is pro-
vided an air separation plant including a plurality of rec-
tification columns comprising a higher pressure column
and a lower pressure column; a first train of air compres-
sion stages communicating with the higher pressure col-
umn, and a second train of air compression stages
which form part of a gas turbine and which communicate
via an expansion turbine with at least one of the rectifi-
cation columns, the first train of air compression stages
not forming part of the gas turbine or any other gas tur-
bine.

[0007] The invention also provides a method of sep-
arating air including compressing a first flow of air in a
first train of air compression stages, compressing a sec-
ond flow of air in a second train of air compression stag-
es forming part of a gas turbine, rectifying at least part
of both the first and second flows in a plurality of rectifi-
cation columns comprising a higher pressure column
and a lower pressure column, wherein at least part of
the first flow is introduced into the higher pressure col-
umn, and at least part of the second flow is expanded
in an expansion turbine upstream of its rectification, the
first train of air compression stages not forming part of
the gas turbine or any other gas turbine.

[0008] The method and plant according to the inven-
tion permit the operating pressure of the higher pressure
column to be set independently of the outlet pressure of
the air compressor of the gas turbine, i.e. the outlet pres-
sure of the most downstream of the second train of com-
pression stages.

[0009] Preferably, from 40 to 60% by volume of the air
separated is taken from the second train of stages. Ac-
cordingly, the size and power consumption of the first
train of air compression stages is substantially less than
they would be were all the air to be separated to flow
through the first train of air compression stages as in a
conventional air separation plant.

[0010] Preferably, the first and second flows of com-
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pressed air are purified separately in a common purifi-
cation unit in which impurities including water vapour
and carbon dioxide are removed by adsorption. The unit
preferably comprises at least three adsorbent beds in
parallel, whereby at any time one bed is being employed
to purify the first flow of air, a second bed is being em-
ployed to purify the second flow of air, and a third bed
is either being regenerated or has finished regeneration.
Such an arrangement is made possible because the ad-
sorption in the second bed typically takes place at higher
pressure than in the first bed. Thus, when the adsorption
capacity of the first bed to the relevant impurities has
been effectively fully used, the second bed still has
some adsorption capacity left. Accordingly, the first flow
of air can be switched to the second bed, the second
flow of air switched to the third bed and the first bed re-
generated.

[0011] A less preferred alternative is to employ inde-
pendent purification units for both flows of air.

[0012] Both the first and second flows of air are pref-
erably purified by adsorption at the maximum pressure
to which they are compressed.

[0013] The higher pressure column and the lower
pressure column preferably form respective parts of a
double rectification column in which the higher pressure
column is in indirect heat exchange relationship with the
lower pressure column.

[0014] The higher pressure column is preferably op-
erated at a pressure at its bottom up to 1 bar less than
the highest pressure to which the first flow of air is com-
pressed. This pressure is probably no more than 70%
of the pressure at the inlet of the expansion turbine.
[0015] The operating pressure at the bottom of the
higher pressure column is preferably in the range of 8
to 13 bar absolute. As a result, in double rectification
column arrangements, the operating pressure at the top
of the lower pressure column is well above atmospheric
pressure. Accordingly, if the nitrogen product is to be
used to reduce formation of oxides of nitrogen in the gas
turbine, less work of compression is required than in a
conventional plant in which the low pressure column op-
erates at a pressure only a little above atmospheric
pressure.

[0016] One consequence of operating the higher and
lower pressure columns at elevated pressure is that
separation of oxygen from nitrogen becomes more dif-
ficult owing to the reduced relative volatilities of these
two components. Accordingly, the rectification columns
are preferably operated with higher reflux ratios than is
conventional. As a result, additional liquid nitrogen re-
flux is preferably employed. The additional liquid nitro-
gen reflux may if desired be introduced from a source
independent of the air separation plant. Preferably, how-
ever, the air separation plantincludes a further rectifica-
tion column in which a stream of oxygen-enriched liquid
separated in the higher pressure column is subjected to
further separation so as to form an oxygen-containing
fraction from which feed to the lower pressure column
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is taken and a nitrogen fraction, a flow of which nitrogen
fraction is condensed, some of the resulting condensate
used as reflux in the lower pressure column, and some
being used as reflux in the further rectification column.
The further rectification column for performing the fur-
ther separation is typically operated at a pressure at its
top lower than the top pressure of the higher pressure
column but higher than the top pressure of the lower
pressure column. It is not essential that the nitrogen
fraction at the top of the further rectification column be
of the same purity as that at the top of the lower pressure
column or that at the top of the higher pressure column.
[0017] The condensation of the nitrogen fraction sep-
arated in the further rectification column is preferably
performed by indirect heat exchange with a stream of
the said oxygen-containing fraction separated in the fur-
ther rectification column.

[0018] The stream of oxygen-enriched liquid with-
drawn from the higher pressure column for separation
in the further rectification column is preferably reboiled
upstream of or in the further rectification column by in-
direct heat exchange with a stream of nitrogen vapour
withdrawn from a top region of the higher pressure col-
umn. Alternatively, a bottom liquid fraction separated in
the further rectification column may be so reboiled.
[0019] The method and plant according to the inven-
tion are particularly suitable for use if most or all of the
oxygen product (for example at least 75%) is to be sup-
plied to a high pressure partial oxidation process. The
size of the partial oxidation unit and the proportion of the
oxygen product that is sent to the unit tend to dictate the
requirement for oxygen from the double rectification col-
umn. For a standard size of partial oxidation unit, the
plant according to the invention can meet its demands
for oxygen product while typically supplying sufficient ni-
trogen to enable the requirements for control of oxides
of nitrogen in the gas turbine. The partial oxidation re-
action typically employs impure oxygen having an oxy-
gen content in the range of 80 to 98.5 mole per cent,
typically 95 mole per cent. If such impure oxygen prod-
uct is required, the double rectification column is pref-
erably of a plural reboiler kind, in which is the lower pres-
sure column a bottom impure liquid oxygen fraction is
reboiled by indirect heat exchange with, preferably, at
least part of the first flow of the compressed air to be
separated, and in which an intermediate fraction is re-
boiled by indirect heat exchange with nitrogen separat-
ed in the higher pressure column.

[0020] In order to further the opportunities for con-
densing nitrogen, at least part of a stream of an oxygen
product withdrawn from the lower pressure column in
liquid state is employed to condense by indirect heat ex-
change therewith a stream of the nitrogen separated in
the higher pressure column. The stream of liquid oxygen
product is typically expanded upstream of this heat ex-
change so as to obtain a suitable temperature difference
between the condensing nitrogen and the liquid oxygen.
The oxygen product is at least partially vaporised as a
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result of this heat exchange. The resulting vaporised ox-
ygen product is preferably passed through a main heat
exchanger countercurrently to the first and second com-
pressed flows of air and is typically then compressed to
a desired supply pressure, for example 80 bar, in the
example of partial oxidation.

[0021] Preferably, a stream of the liquid oxygen prod-
uct is pressurised in a pump and is passed through the
main heat exchanger countercurrently to the flows of air
to be separated. This stream can be used to reduce the
cold end temperature differences in the main heat ex-
changer that would otherwise occur. Such a method and
plant are the subject of a co-pending United Kingdom
patent application entitled "Air Separation" which has
the same application date as this application.

[0022] The expansion turbine preferably has an outlet
communicating with the higher pressure column. If de-
sired, the second flow of air may exhaust from the ex-
pansion turbine into the first flow of air. In embodiments
of the plant in which the first flow of air is employed to
reboil a bottom liquid oxygen fraction separated in the
lower pressure column, the expansion turbine may ex-
haust into the first flow upstream of the reboiler in which
this heat exchange takes place.

[0023] Preferably, there is only one expansion turbine
in a plant according to the invention.

[0024] Rectification columns for use the method and
plant according to the invention are typically each con-
stituted by one or more vessels in which downflowing
liquid is brought into intimate mass exchange relation-
ship with ascending vapour. It is, however, within the
scope of the invention to omit from the further rectifica-
tion column any means for effecting such intimate mass
exchange such that the further rectification column be-
comes a phase separator.

[0025] The method and plant according to the inven-
tion will now be described by way of example with ref-
erence to the accompanying drawing which is a sche-
matic flow diagram of an integrated plant comprising an
air separation plant, a gas turbine, and a partial oxida-
tion unit.

[0026] The drawing is not to scale.

[0027] Referring to the drawing, a first flow of air is
compressed in a first train 2 of a chosen number of com-
pression stages 4, 6, 8, 10 and 12. (Although five com-
pression stages are shown in the drawings, different
numbers, for example, four or six can be used instead
in the first train 2.) Each of the compression stages 4,
6, 8, 10 and 12 has its own after-cooler (not shown) im-
mediately downstream thereof in order to remove heat
of compression from the air. Each after-cooler may take
the form of an indirect heat exchanger, although it is
sometimes preferred to employ a direct contact water
chiller as the after-cooler immediately downstream of
the final stage 12. If desired, all five of the compression
stages, 4, 6, 8, 10 and 12 may be located in a single
housing and form a single main compressor. Alterna-
tively, the most downstream stage 12 or the downstream
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stages 10 and 12 may be located in a separate housing
and form a separate compressor.

[0028] The first fully compressed flow of air passes,
typically at a temperature in the range of 2 to 20 degrees
Celsius and typically at a pressure in the range of 8 to
14 bar absolute, to a purification unit 14 in which it is
purified by adsorption. The purification unit 14 is ar-
ranged so as to purify not only the first flow of air but
also a second flow of compressed air. The second flow
of compressed air is taken from an air compressor 18
forming part of a gas turbine 16 including, in addition to
the compressor 18, a combustion chamber 20 and a tur-
bo-expander 22. As is well known, the gas turbine 16 is
arranged such that air from the compressor 18 and fuel
gas (from a source described below) are sent to the
combustion chamber 20 and the resulting combustion
products are expanded with the performance of external
work by the turbo-expander 22. The external work per-
formed is typically the generation of electricity. As shown
in the drawings, the air compressor 18 includes a train
of two or more compression stages 24 and 26. A bleed
of air is withdrawn from the final or most downstream of
the compression stages 24 and 26 and is cooled to am-
bient temperature or a temperature typically within the
range of 2 to 20 degrees Celsius by passage through
an after-cooler (not shown) typically in the form of a di-
rect contact water chiller. The resulting chilled air flow
forms a second flow of air that is sent to the purification
unit 14. Typically, it enters the purification unit 14 at a
pressure of 20 bar absolute, depending on the operating
pressure of the gas turbine 16.

[0029] The purification unit 14 is shown only schemat-
ically in the drawing, various valves and pipes having
been omitted. The unit 14 includes three pressure ves-
sels 28, 30 and 32, each housing a bed or beds of ad-
sorbent for purifying the first and second flows of air.
The arrangement is such that while one of the vessels
28, 30 and 32 is being used to purify the first flow of air,
a second one is being used to purify the second flow of
air, and a third or remaining one is being regenerated.
The purification is effected by adsorption of impurities,
particularly water vapour, carbon dioxide and hydrocar-
bons having two or more carbon atoms from the incom-
ing air. Typically, a bed of activated alumina, or an up-
stream bed of activated alumina and a downstream bed
of 13X zeolite are employed for this purpose. Regener-
ation of one of the vessels, 28, 30, and 32 which is not
on-line may be effected by subjecting the adsorbent
therein to a pressure markedly lower than the adsorption
pressure or a temperature markedly higher than the ad-
sorption temperature. The former technique is known as
pressure swing adsorption and the latter as temperature
swing adsorption. The design of temperature swing ad-
sorption and pressure swing adsorption processes for
purification of air is well known in the art and the purifi-
cation unit 14 shall not be described in further detail ex-
cept in one respect. This is that, unusually, the adsorp-
tion unit 14 has two vessels on adsorption duty at any
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one time for each vessel that is off-line being regener-
ated (or having been regenerated). This arrangement is
made possible because the second flow is at a substan-
tially higher pressure than the first flow of air. Since the
flows are approximately equal, and since each of the
vessels 28, 30 and 32 contain the same amount of ad-
sorbent, by the time that impurities are about to break
through the adsorbent bed or beds in the chosen one of
the vessels 28, 30 and 32 which receives the first flow
of air, the adsorbent or adsorbents in which the second
flow of air is being purified still has available adsorption
capacity. Accordingly, there is a need to regenerate only
the first of these vessels, and the second flow of gas can
be switched from the second vessel to the third vessel
which contains regenerated adsorbent(s). It can thus be
appreciated that the first and second flows of air can be
purified simultaneously with one another in the purifica-
tion unit 14 and supplied continuously for separation.
[0030] The thus purified first flow of air follows a flow
path 34 which extends through a main heat exchanger
36 from its warm end 38 to its cold end 39. The air is
thus cooled (by indirect heat exchange with returning
streams) to a cryogenic temperature a little above that
at which it is rectified. The resulting cooled first flow of
compressed air is separated in an arrangement of a
double rectification column 40 and a further rectification
column 42. The double rectification column 40 includes
a higher pressure column 44 and a lower pressure col-
umn 46. The lower pressure column 46 is provided with
afirstreboiler-condenser 48 in a bottom region 50 there-
of and a second reboiler-condenser 51 in an intermedi-
ate region 54 thereof. The further rectification column
52 is provided with a further reboiler-condenser 56 in a
bottom region 58 thereof and a condenser 60 associat-
ed with a top region 63 thereof.

[0031] The first flow of cooled air passes from the cold
end 39 of the main heat exchanger 36 through the first
reboiler-condenser 48 associated with the lower pres-
sure column 46. The purified second flow of com-
pressed air flows through the main heat exchanger 36
from its warm end 38 to its cold end 39 and is thereby
cooled to a cryogenic temperature. The resulting cooled
second purified flow of compressed air is expanded in
an expansion turbine 41 with the performance of exter-
nal work. The thus expanded second purified flow of air
is exhausted from the expansion turbine 41 at essen-
tially the same pressure as that at which the first purified
flow of compressed air leaves the cold end 39 of the
main heat exchanger 36. The two flows of compressed
air are united upstream of the first condenser-reboiler
56. The combined flows of air are partially condensed
by indirect heat exchange with the bottom liquid fraction
that is separated in the lower pressure column 46. Re-
boil, that is an upward flow of vapour, is thereby created
in the lower pressure column 46. The partially con-
densed flow of air passes out of the first reboiler-con-
denser 48 and is introduced through an inlet 62 into a
bottom region of the higher pressure column 44. In ad-
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dition, a minor part of the second flow of compressed
air is withdrawn from an intermediate region of the main
heat exchanger 36, is passed through an expansion
valve 43 so as to reduce its pressure to essentially the
operating pressure of the higher pressure column 44
and is introduced into the column 44 through an inlet 45
at an intermediate level thereof. Nitrogen vapour is sep-
arated in the higher pressure column 44 from the air in-
troduced through the inlets 62 and 45. The nitrogen col-
lects at the top of the higher pressure column 44. An
oxygen-enriched liquid fraction collects at the bottom of
the higher pressure column 44.

[0032] A stream of the oxygen-enriched liquid air frac-
tion is withdrawn from the bottom of the higher pressure
column 44 through an outlet 64, is sub-cooled by pas-
sage through a further heat exchanger 66 and is ex-
panded, thatis reduced in pressure, by passage through
aJoule-Thomson or throttling valve 68. The resulting ex-
panded stream of oxygen-enriched liquid air is intro-
duced into an intermediate region of the further rectifi-
cation column 42 for separation therein.

[0033] A part of the nitrogen vapour fraction obtained
atthe top of the higher pressure column 44 is condensed
in the further condenser-reboiler 56. The nitrogen con-
densate is returned to the higher pressure column 44 as
reflux. Some nitrogen condensate (whether formed in
the condenser-reboiler 56, or otherwise, is preferably
sub-cooled by passage through the further heat ex-
changer 66 (although this subcooling is not illustrated in
the drawing), is expanded by passage through a Joule-
Thomson or throttling valve 72 and is introduced into the
top of the lower pressure column 46 through an inlet 74
as a reflux stream.

[0034] The oxygen-enriched liquid air stream intro-
duced into the further rectification column 42 is separat-
ed therein into a bottom oxygen-enriched liquid air frac-
tion, usually containing a greater mole fraction of oxygen
than the feed to the column 42, and a top nitrogen frac-
tion, typically but not necessarily, impure. An upward
flow of vapour in the further rectification column 42 is
formed by reboiling of the bottom liquid fraction in the
reboiler-condenser 56. The necessary heating of the re-
boiler-condenser 56 is effected by indirect heat ex-
change with the condensing stream of the top nitrogen
fraction formed in the higher pressure column 44. A
stream of the bottom oxygen-enriched liquid fraction is
withdrawn from the bottom region of this column, ex-
panding it through a Joule-Thomson or throttling valve
76 and condensing it in the condenser 60 by indirect
heat exchange with a flow of the top nitrogen fraction
that is obtained in the further rectification column 42. A
part of the resulting condensate is expanded through a
Joule-Thomson or throttling valve 78 and is introduced
into an upper region of the lower pressure column 46
through an inlet 80 so as to augment the reflux in all but
the uppermost region of the column 46. If desired, this
stream of condensate may be sub-cooled by passage
through the further heat exchanger 66. The remainder
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of the condensate serves as reflux for the further recti-
fication column 42.

[0035] The oxygen-enriched liquid stream is typically
totally vaporised in the condenser 60 and is introduced
through the inlet 82 into the lower pressure column 46
as a feed stream to be separated therein. The feed
stream is separated into a impure liquid oxygen fraction,
typically containing 95% by volume of oxygen, which
collects at the bottom of the lower pressure column 46
and a top nitrogen fraction typically containing less than
0.5% by volume of oxygen impurity which collects at the
top of the lower pressure column 46. As previously men-
tioned, passage of the first flow of air through the reboil-
er-condenser 48 creates an upward vapour flow in the
lower pressure column 46. The vapour flow in the upper
regions of the lower pressure column 46 is augmented
by operation of the second reboiler-condenser 51. The
reboiler-condenser 51 is heated by means of a further
stream of the nitrogen that is separated in the higher
pressure column 44. The nitrogen is condensed and the
resulting condensate is used as refluxin the higher pres-
sure and lower pressure columns 44 and 46, respective-
ly. If desired, the condensation of the nitrogenin the sec-
ond reboiler-condenser 51 may be incomplete and un-
condensed vapour may pass into a product oxygen va-
poriser 84 in which it is condensed by indirect heat ex-
change, as described below, with vaporising oxygen
product.

[0036] An impure oxygen product is withdrawn
through an outlet 86 from the bottom region 50 of the
lower pressure column 46. The impure liquid oxygen
product stream flows through a throttling or Joule-Thom-
son valve 88 into the vaporiser 84 in which itis vaporised
as aforesaid, by heat exchange with a stream of nitrogen
vapour passing out of the second reboiler-condenser 51
in uncondensed state. The nitrogen is condensed and
may, as shown, be combined with the nitrogen which is
condensed in the second reboiler-condenser 51. An al-
ternative to the illustrated arrangement is to send the
nitrogen vapour to the vaporiser 84 directly and not via
the second reboiler-condenser 51.

[0037] Typically, the impure liquid oxygen product is
not totally vaporised in the vaporiser 84, about 20% of
it remaining in the liquid state. The resulting oxygen va-
pour is returned through the main heat exchanger 36
from its cold end 39 to its warm end 38 and is com-
pressed to a pressure of, say, 80 bar in an oxygen-com-
pressor 90. The resulting compressed oxygen is sup-
plied to a partial oxidation unit 92. A fuel such as coal is
also supplied to the partial oxidation unit 92. Fuel gas is
formed in the partial oxidation unit 92. A stream of fuel
gas is taken therefrom, is purified (by means not shown)
and is sent to the combustion chamber 20 of the gas
turbine 16 for combustion therein so as to form the hot
combustion gases that are expanded by the turbo-ex-
pander 22.

[0038] A stream of the residual liquid oxygen product
is withdrawn from the vaporiser 84 and is pressurised
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by a liquid oxygen pump 94 to a pressure typically in the
order of 40 bar. The resulting pressurised oxygen
stream is passed through the main heat exchanger 36
from its cold end 39 to its warm end 38. Typically, it is
combined with the compressed oxygen product in or
downstream of the oxygen compressor 90.

[0039] A stream of nitrogen product is withdrawn
through an outlet 96 at the top of the lower pressure col-
umn 46 and flows through the heat exchanger 66 there-
by providing the necessary cooling for the stream or
streams that are sub-cooled therein, and downstream
of the heat exchanger 66 through the main heat ex-
changer 66 from its cold end 39 to its warm end 38. A
part of the resulting nitrogen stream is taken for bed re-
generation purposes in the purification unit 14. The re-
mainder of the nitrogen stream is compressed in a ni-
trogen compressor 98 to the operating pressure of the
combustion chamber 20 of the gas turbine 16 and is in-
troduced into the combustion chamber 20 or the turbo-
expander 22 so as to reduce NOx formation during op-
eration of the gas turbine 16. Moist nitrogen gas may be
returned from the purification unit 14 to the nitrogen up-
stream of the compressor 98.

[0040] In an example of the operation of the plant
shown in the drawing, typically about one half of the flow
of air that is separated is bled from the air compression
stages of the air compressor 18 of the gas turbine 16;
the higher pressure column 44 has an operating pres-
sure of 160 psia (10.9 bar) at its bottom; the lower pres-
sure column 46 has an operating pressure of 72 psia
(4.9 bar) at its top; the further rectification column 42
has an operating pressure of 111 psia (7.5 bar) at its top,
and the oxygen vaporiser 84 has an operating pressure
of 3.8 bar.

Claims

1. An air separation plant including a plurality of recti-
fication columns comprising a higher pressure col-
umn and a lower pressure column; a first train of air
compression stages communicating with the higher
pressure column, and a second train of air compres-
sion stages which form part of a gas turbine and
which communicate via an expansion turbine with
at least one of the rectification columns, the first
train of air compression stages not forming part of
the gas turbine or any other gas turbine.

2. An air separation plant as claimed in claim 1, addi-
tionally including a common adsorptive purification
unit for the separate purification of air from the first
and second trains of compression stages.

3. An air separation plant as claimed in claim 2, in
which the adsorptive purification unit comprises at
least three adsorbent beds in parallel for removing
impurities including water vapour and carbon diox-
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ide, the adsorbent beds being arranged such that
any time one bed communicates with the first train
of air compression stages, a second bed communi-
cates with the second train of air compression stag-
es, and a third bed is either being regenerated or
has completed regeneration.

An air separation plant as claimed in any one of the
preceding claims, in which the higher pressure col-
umn and the lower pressure column form respective
parts of a double rectification column in which the
higher pressure column is in indirect heat exchange
relationship with the lower pressure column.

An air separation plant as claimed in any one of the
preceding claims, additionally including (a) a further
rectification column for rectifying a stream of oxy-
gen-enriched liquid separated in the higher pres-
sure column, the further rectification column having
an outlet for an oxygen-containing fraction separat-
ed therein communicating with the lower pressure
column, and (b) a condenser for condensing a flow
of a nitrogen fraction separated in the further recti-
fication column so as to form some liquid nitrogen
reflux for use in the further rectification column and
some liquid nitrogen reflux for use in the lower pres-
sure column.

A method of separating air including compressing
a first flow of air in a first train of air compression
stages, compressing a second flow of air in a sec-
ond train of air compression stages forming part of
a gas turbine, rectifying at least part of both the first
and second flows in a plurality of rectification col-
umns comprising a higher pressure column and a
lower pressure column, wherein at least part of the
first flow is introduced into the higher pressure col-
umn, and at least part of the second flow is expand-
ed in an expansion turbine upstream of its rectifica-
tion, the first train of air compression stages not
forming part of the gas turbine or any other gas tur-
bine.

A method as claimed in claim 6, wherein the first
and second flows of compressed air are purified
separately in a common purification unit in which
impurities including water vapour and carbon diox-
ide are removed by adsorption.

A method as claim in claim 7, in which the common
purification unit comprises at least three adsorbent
beds in parallel, whereby at any time one bed is be-
ing employed to purify the first flow of air, a second
bed is being employed to purify the second flow of
air, and a third bed is either being regenerated or
has finished regeneration.

A method as claimed in any one of claims 6 to 8, in
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which a stream of oxygen-enriched liquid is taken
from the higher pressure column and is subjected
to further rectification in a further rectification col-
umn so as to form an oxygen-containing fraction
from which feed to the lower pressure column is tak-
en and a nitrogen fraction, a flow of which nitrogen
fraction is condensed, some of the resulting con-
densate being used as reflux in the lower pressure
column and some being used as reflux in the further
rectification column.

A method as claimed in claim 9, in which the con-
densation of the nitrogen fraction separated in the
further rectification column is performed by indirect
heat exchange with a stream of the said oxygen-
containing fraction separated in the further rectifi-
cation column.

A method as claimed in claim 9 or claim 10, in which
the stream of oxygen-enriched liquid withdrawn
from the higher pressure column for separation in
the further rectification column is reboiled upstream
of or in the further rectification column by indirect
heat exchange with a stream of nitrogen vapour
withdrawn from a top region of the higher pressure
column.

A method as claimed in any one of claims 6 to 11,
in which an impure liquid oxygen product having an
oxygen content in the range of 80 to 98.5 mole per
cent is taken from the lower pressure rectification
column and in which the higher pressure column
and the lower pressure column both form part of a
double rectification column of a dual reboiler kind,
in which in the lower pressure column a bottom im-
pure liquid oxygen fraction is reboiled by indirect
heat exchange with at least part of the first flow of
the compressed air to be separated and an inter-
mediate fraction is reboiled by indirect heat ex-
change with nitrogen separated in the higher pres-
sure column.

A method as claimed in any one of claims 6 to 12,
in which at least part of a stream of an oxygen prod-
uct in liquid state is expanded and the expanded
stream of the oxygen is employed to condense by
indirect heat exchange therewith a stream of nitro-
gen separated in the higher pressure column.

A method as claimed in claim 13, in which the
stream of the expanded oxygen product in liquid
state is partially vaporised by the indirect heat ex-
change with the stream of nitrogen separated in the
higher pressure column, and the resulting vapor-
ised oxygen product is passed through a main heat
exchanger countercurrently to the first and second
compressed flows of air.
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