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1. A method of separating air, comprising the steps of:

a) separating pre-cooled and purified air in a higher pressura rectifier into
oxygen-ensiched liquid and nitrogen vapour;

b) separating a stream of the oxygen-enriched liquid at a pressure
betweern the pressure at the top of the higher pressure rectifier and
that at the bottom of a lower pressure rectifier so as to form a liquid
further enriched in oxygen and an intermediate vapour;

¢) separating a stream of the further-enriched liquid in the lower pressure
rectifier into oxygen and nitrogen; and

d} providing liquid nitrogen reflux for the higher and lower pressure
réctifiers;

wherein a part of the liquid nitrogen reflux is formed by condensing a

stream of said nitrogen vapour by indirect heat exchange with liquid from

an intermediate mass transfer Jegion of the lower pressura ractifier.
13. upparatus for separating air, comprising:

a)

a higher pressure rectifier for separating pre-cooled and purified air into

oxygen-enriched liquid and nitrogen vapour;
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b) a lower pressure rectifier for producing oxygen and nitrogen;

) means for separating a stream of the oxygen-enriched liquid at a pressure
between the pressure at the top of the higher pressure rectifier and that at
the bottom of the lower pressure rectifier so as to form a liquid further
enriched in oxygen and an intermediate vapour;

d) means for introducing a stream of the further-enriched liquid into the
tower pressure rectifier for separation into oxygen and nitrogen; and

€) means for providing liquid nitrogen reflux for the higher and lower

pressure rectifiers including a condenser for indirectly heat exchanging a
stream of said nitrogen vapour with liquid from an intermediate mass

transfer region of the lower pressure rectifier.
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AlIR SEPARATION
This invention relates to 8 method and apparatus for separating air.

The most important method commercially of separating air is by rectification.
The most frequently used air separation cycles include the steps of compressing .
a stream of air, purifying the resulting stream of compressed air by removing
water vapour and carbon dioxide, and pre-cooling the stream of compressed air
by heat exchange with returning product streams to a temperature suitabie for .
its rectification. The rectification is performed in a so-called "double '
rectification column™ comprising a higher pressure and a lower pressure
rectification column i.e. one of the two columns operates at higher pressure

than the other. Mast if not all of the air is introduced into the higher pressure
column and is separated into oxygen-enriched liquid air and liquid nitrogen o

vapour. The nitrogen vapour is condensed. A part of the condensate is used as

liquid reflux in the higher pressure column. Oxygen-enriched fiquid is withdrawn
from the bottom of the higher pressure column, is sub-cooled, and is introduced
into an intermediate region of the lowsr pressure column through a throttling or -
pressure reduction valve. The oxygen-enriched liquid is separated into ”
substantiaily pure oxygen and nitrogen products in the lower pressure column.
These products are withdrawn in the vapour state from the lower pressure '
column and form tha returning streams against which the incoming air stream is
Haat exchanged. 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 inte the top of the lower pressure column through
a throttling or pressure reduction valve.

Conventionally, the lowar pressure column is operated at pressures in the range
of 1 to 1.5 atmospheres absolute. Liquid -oxygern 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 hight" pressure
column is heat exchanged with liquid oxygen in the bottom of the lower
pressure column. Sufficient liguid oxygen is able to be evaporated thereby to
meet the requirements of the lower pressura column for reboil and to enable a
good yvield of gasecus oxygen product to be achieved. The pressure at the top
of the higher pressure column and hence the gressure to which the incoming air
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is compressed are arranged to be such that the temperature of the condensing
nitrogen is a degree or two Kelvin higher than that of the boiling oxygen in the
lower pressure column. In consequaence of these relationships, it is not
generally possible to operate the higher pressure column below a pressure of
about b bar.

improvements to the air separation process enabling the higher pressure column

to be operated at a pressure below § bar have been proposed when the oxygen
product is not of high purity, containing, say, from 3 to 20% by volume of
impurities. US-A-4 410 343 (Ziemer) 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 columns. 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 evaporate 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. This process is
capable of reducing the operating pressure of the higher press' e column ciose

to 4 bar.

The methods disclosed in US-A-3 210 951 and US-A-410 343 become less
suitable for use if the lower pressure column is to be operated at a pressure in

excess of about 1.5 bar,

EP-A-O 538 118 discloses a method of operating a double column process
above tha conventional pressure limits without loss of oxygen recovery and with
improvements in power consumption. In one example, oxygen-enriched liquid
air is taken frorm the bottom of the higher pressure rectification column and is
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introduced into a further column at a level above all the liquid-vapour mass exchange
surfaces therein. The further column operates at pressures intermediate those in the
higher pressure column and those in the lower pressure column. The further column

provides a liquid feed and a vapeur feed to intermediate levels of the lower pressure

rectification column.

It is an aim of the present invention to provide air separation methods and apparz:uses
which may be operable more efficiently at elevated lower pressure rectifier pressures

than are the above described prior art processes, or at least provide a useful alternative

thereto.

According to the present invention there is provided a method of separating air,

comprising the steps of:

a) separating pre-cooled and purified air in a higher pressure rectifier into

oxygen-enriched liquid and nitrogen vapour;

b) separating a stream of the oxygen-enriched liquid at a pressure between
the pressure at the top of the higher pressure rectifier and that at the

bottom of a lower pressure rectifier so as to form a liquid further enriched

in oxygen and an intermediate vapour;

c) separating a stream of the further-enriched liquid in the lower pressure

rectifier into oxygen and nitrogen; and

d) providing liquid nitrogen reflux for the higher and lower pressure

rectifiers,

wherein a part of the liquid niteogen reflux is formed by condensing a stream of said
nitrogen vapour by indirect heat exchange with liquid from an intermediate mass transfer

region of the lower pressure rectifier.
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The invention also provides apparatus for separating air, comprising:

a) a higher pressure rectifier for separating pre-cooled and purified air into

oxygen-enriched liquid and nitrogen vapour;
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a lower pressure rectifier for producing oxygen and nitrogen;

means for separating a stream of the oxygen-enriched liquid at a
pressure between the pressure at the top of the higher oressure
rectifier and that at the bottom of the fower pressure rectifier so as to
form a liquid further enriched in oxygen and an intermediate vapour;

means for introducing a stream of the further-enriched liquid into the
lower pressure rectifier for separation into oxygen and nitrogen; and

means for providing liquid nitrogen reflux for the higher and lower
pressure rectifiers including a condenser for indirectly heat exchanging
a stream of said nitrogen vapour with liquid from an intermediate
mass transfer region of the lower pressure rectifier.

The separation of the stream of the said oxygen enriched liquid in step (b) of the |
method according to the invention is performed either by (i) rectification in a
further rectifier (sometimes referred to hereinafter as "intermediate rectification"j
or by (ii) flashing the stream of oxygen-enriched liquid to form a liquid-vapour
mixture at said pressure between the pressure at the top of the higher pressure

.rectifier and that at the bottom of the jower pressure rectifier; and separating

the resulting liquid-vapour mixture into liquid and vapour phases to form the
further enrichéd liquid and the intermediate vapour, these steps sometimes
being referred to collectively as "intermediate flash separation”. In order to
enhance the rate of formation of the intermediate vapour a part of the further

enriched liquid is preferably reboiled.

if step (b} of the method according to the invention is performed by intermediate
rectification, the stream of oxygen-enriched liquid is introduced below all
liquid-vapour mass exchange means in the further rectifier or the incoming feed

to it.

Reboiling of this liquid is preferably performed by indirect heat exchange with
another stream of nitrogen from the higher pressure rectifier, the nitrogen
thereby being condensed. The nitrogen condensate provides a further source of
reflux which is preferably employed in the higher pressuré rectifier. The further
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rectifier is preferably provided with a reboiler se as partially to reboil liquid at the
bottom of the further rectifier. The further rectifier preferably produces, as the

intermediate vapour, nitrogen. The nitrogen is preferably condensed to form yet
further liquid nitrogen reflux, a part of which is preferably used in the lower
pressure rectifier and another part of which is preferably used in the further

rectifier.

If step (b) of the method according to the invention is performed by intermediate
flash separation, the partial reboiling may be performed upstream of or in the
phase separator. The partial reboiling may be performed by indirect heat
exchange with another stream of nitrogen vapour from the higher pressure
rectifier, the nitrogen thereby being condensed. The nitrogen condensate
provides a further source of reflux which is preferably employed in the higher
pressure rectifier. Yet further liquid nitrogen reflux is preferably formed by
indirect heat exchange of nitrogen from the higher pressure rectifier with liquid
oxygen withdrawn from a bottom region of the lower pressure rectifier, which
liquid oxygen preferably enters into the indirect heat exchange at a pressure less
than that at the top of the lower pressure rectifier. The liquid oxygen is thereby
vaporised and may be taken as product. The yet further liquid nitrogen refiux is
typically used as reflux in the higher pressure rectifier,

if step {b) of the method according to the invention is performed by intermediate
flash separation, the said intermediate vapour is preferably condensed and the
resulting condensate Is preferably returned to the higher pressure rectifier,
thereby enhancing the rate of production of liquid nitrogen reflux.

Irrespective of how step (b) is performed, condensation of the intermediate
vapour is preferably performed by indirect heat exchange with a stream of said
further-enriched liquid, which stream is reduced in pressure upstream of the heat
exchange. The stream of said further-enriched liquid is typically partially
vaporised thereby and the resulting fluid is preferably introduced into the lower
pressure rectifier. (If desired, a stream of further-enriched liquid may be
introduced into the lower pressure rectifier, by-passing the indirect heat
exchange with the intermediate vapour.} Alternatively, the intermediate vapour
may be condensed by indirect heat exchange with liquid taken from an
intermediate mass transfer region of the lower pressure rectifier, the liquid taken
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from the intermediate mass transfer region of the lower pressure rectifier
thereby being at least partially reboiled. It is preferably returned to a mass
transfer region of the lower pressure rectifier.

Typically, rebcit for the lower pressure rectifier is provided by indirect heat
exchange in a reboiler-condenser with a stream of pre-cooled and purified feed
air, the feed air stream thereby being at least partially condensed.

The higher pressure rectifier and further rectifier preferably each comprise a
rectification column. The lower pressure rectifier may also comprise a single
rectification column or may comprise two separate columns. The latter
arrangement offers the advantage that the said condenser fo,r"i*ndirectly heat
exchanging a stream of said nitrogen vapour with liquid from an intermediate
mass transfer region of the lower pressure rectifier may be located in a bottom
region of one column and may therefore be a condenser-reboiler of the
conventional thermo-siphon kind. ‘

The oxygen separated in the lower pressure rectifier is preferably from 85 to
96% pure. The nitrogen separated in the lower pressure rectifier is preferably at

least 98% pure.

Refrigeration for the method according to. the invention may be created by
expansion with the performance of external work of a stream of either the feed

air or a nitrogen stream,

The method and apparatus accerding to the invention will now be described by
way of example with reference to the accompanying drawings, in which:

Figure 1 is a schematic flow diagrarn of a first air separation plant according to
the invention;

Figure 2 is a schematic flow diagram of a second air separation plant according
to the invention;

Figure 3 is a McCaba-Thiele diagram for operation of the plant shown in Figure
2;
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Figures 4 to 8 are schematic flow diagrams of further air separation plants
according to the invention,

In the ensuing description of Figure 1, parameters set out in square brackets are
those obtained in a computer simulation of the operation of the plant depicted

therein.

Referring to Figure 1 of the drawings, a feed &ir stream is compressed in a
compressor 2 and the resulting compressed feed air stream is passed through a
purification unit 4 effective to remove water vapour and carbon dioxide

therefrom:.

The unit 4 employs beds (not shown) of adsorbent to effect this removal of
water vapour and carbon dioxide., The beds are operated out of sequence with
one another such that while one or more beds are purifying the feed air stream
the remainder are being regenerated, for example by being purged with a stream
of hot nitrogen. Such a purification unit and its operation are well known in the
art and need not be described further.

The purified feed air stream [temperature, 297K; pressure, 12.3 bar] is divided
into first and second air streams. The first air stream [flow rate - 95823 sm®/hr]
flows through a main heat exchanger 6 from its warm end 8 to its cold end 10
and is thereby cooled from about ambient temperature to its saturation
temperature {or other temperature suitable for its separation by rectification)
(116.9K]. A first part of the cooled first air stream [flow rate - 51082 sm®/hr] is
introduced into a bottom region of a higher pressure rectification column 12
through an inlet 14. A second part of the first cooled air stream [flow rate -
44741 sm?/hr] is at least partially condensed by passage through the
condensing passages of a first condenser-reboiler 16. The resulting at least
partially condensed air [state - 100% liquid; temperature - 109.3K] is introduced
into the higher pressure rectification column 12 through an inlet 18. The higher
pressure rectification column 12 contains liquid-vapour contact means (not
shown) whereby a descending liquid phase is brought into intimate contact with
an ascending vapour phase such that mass transfer between the two phases

takes place.
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The deszending liquid phase becomes progressively richer in oxygen and the
ascending vapour phase progressively richer in nitrogen. The liquid-vapour
contact means may comprise an arrangement of liquid-vapowr contact trays and
associated downcomers or may comprise a structured or random packing. A
volume (not shown) of liquid typically collects at the bottom of the higher
pressure rectification column 12,

The inlet 14 is typically iocated so that the air is introduced into the column 12
below the liquid-vapour contact means or otherwise such that the liguid at the
bottom of the higher pressure rectification column 12 is approximately in
equilibrium with the incoming air. Accordingly, since oxygen is less volatile than
the other main components (nitrogen and argon) of the air, the liquid collecting
at the bottom of the higher pressure rectification column 12 (typicaliy in a sump)
has an oxygen concentration greater than that of air, i.e. is enriched in oxygen.

A sufficient number of trays or a sufficient height of packing is included in the
liquid-vapour contact means {not shown) for the vapour fraction passing out of
the top of the liquid-vapour contact means to be essentially pure nitrogen. A
first stream of the nitrogen vapeour is withdrawn from the top of the higher
pressure rectification column 12 through an outlet 20 and is condensed in a
second reboiler-condenser 22. The condensate is returned to a collector 30 at
the top of the higher pressure rectification. olumn 12 through an inlet 24, A
second stream of the nitrogen vapour is withdrawn from the top of the higher
pressure rectification column 12 through an outlet 26 and is condensed in a
third condenser-reboiler 28. The condensate is returned from the
condenser-reboiler 28 to the coilector 30 via an inlet 32. A part of the liquid
nitrogen entering the collector 30 is used as liquid nitrogen reflux in the higher
pressure rectification column 12; another part of the condensate is, as will be
described below, used as liquid reflux in a lower gressure rectifier 34.

A stream of oxygen-enriched liquid (typically containing about 32% by volume
of oxygen} [composition {mole fractions) 0.32 O,; 0.01 Ar; 0.67 Ny; pressure -
12 bar; temperature - 110.7K; flow rate - 44519 sm?/hr] is withdrawn from the
bottom of the higher pressure rectification column 12 through an outlet 36 and
is sub-cooled in a heat exchanger 38. The sub-cooled oxygen-enriched liquid
stream is flashed through a first pressure reducing valve 4G and a resulting
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mixture of a flash gas and a residual liquid further enriched in oxygen is formed.
The mixture of further-enriched liquid and oxygen-depleted gas is introduced into
a bottom region of an intermediate rectification column 42 through an inlet 44,
Reboil for the intermediate rectification column 42 is provided by the second
condenser-reboiler 28 which is situated at the bottom of the column 42. The
condenser-reboiler 28 provides an upward flow of vapour from the bottom of
the column 42. Another condenser-reboiler 46 condenses vapour taken from
the top of the intermediate rectification column 42. A part of the resulting
condensate is returned to the column 42 as reflux. Another part is used as
reflux in the lower pressure rectifier 34 as will be described below. There is
desirably a sufficient number of distillation trays {not shown) or a sufficient
height of packing (not shown} in the intermediate rectification column 42 for the
mass exchange between descending liquid and ascending vapour t9 produce
essentially pure nitrogen at the top of the column 42. Thus the condensate
formed in the condenser-reboiler 46 is essentially liquid nitrogen. if desired, a
gaseous nitrogen product may also be taked from the column 42,

The condenser-reboiier 28 effects a partial reboil of liquid at the bottom of the
intermediate rectification column 42. A stream of residual further-enriched liquid
{typicaily containing about 40% by volume of oxygen) [composition (mole
fractions) 0, - 0.40; Ar - 0.02; N, - G.58; pressure - 8.1 bar; temperaturé -
105.4K; flow rate 38472 sm%hr} is continuously withdrawn from the battom of
the intermediate rectification column 42 through an outlet 48 and is passed
through a second pressure reducing valve 49 so as to reduce its pressure to
approximately the operating pressure of the lower pressure rectifier 34. A first
stream of the resultant pressure-reduced further-enriched liquid (typically
containing some vapour) flows through the condenser-reboiler 48, thereby
providing cooling for the condensation of the nitrogen vapour therein. The
stream of further-enriched liquid is itself at least partially vaporised in the
condenser-reboiler 28. The resulting oxygen-enriched stream [state - 66% by
weight vapour; 34% by weight liquid; pressure - 4.5 bar; temperature - 99.1K]
is introduced into the lower pressure rectifier 34 as a first feed stream at an
intermediate level through an inlet 50. As a second feed stream, a stream of
liquid air [composition {mole fraction} O, - 0.21; Ar - 0.01; N, - 0.78;
temperature - 109.2K; pressure - 12.0 bar; flow rate 26999 sm?hr] is
withdrawn from the higher pressure rectification column 12 through an outiet
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52 at the same level as that of the inlet 18. A part [flow rate 20999 sm%hr] of
the second feed stream is passed through a pressure reduction valve 54 so as -
to reduce its pressure to approximately that of the lower pressure rectifier 34.
The resulting pressure-reduced liquid air stream is introduced into the rectifier 34
thraugh an inlet 56. In an a!ternative arrangement, at least partially condensed -
air may be supplied from the condenser-reboiler 16 to the lower pressure
rectifier 34 via a pressure reducing valve {not shown) without first being
introduced intc the higher pressure rectification column 12. Another part [ﬂaw ’ ,
rate 6000 sr¥/hr] of the stream of liquid air withdrawn from the higher pressum .
rectification column 12 through the outlet 52 is taken from upstream of the
valve 54 and is passed through a valve 53 into the intermediate préssure
rectification column and is separated therein.

As shown in Figure 1, the lower pressure rectifier 34 comprises an upper stage * :
58 and a lower stage 60. Stages 58 and 60 communicate freely with one :
another. That is to say vapour passes via conduit 62 from the top of the lower
stage 60 to the battom of the upper stage 58 without passing through any
device to reduce or increase its pressure. Similarly, liquid flows from the bottom
of the upper stage 58 into the top of the lower stage 60 via a conduit 64

without passing through any device to reduce or increase its pressure. An \
advantage of the twa stage arrangement of the lower pressure rectifier 34 is - i
that the condenser-reboiler 22 can be situated in a bottom region of the upper R
stage 58 anq can therefore be of a conventional thermo-siphon kind. |

‘Separation of the two feed streams in the lower pressure rectifier 34 results in
the formation of oxygen and nitrogen products. The stages 58 and 60 of the .
lower pressure rectifier 34 contain liquid-vapour contact means (not showm
whereby a descending 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 means (not shown) may be of the'same kind
as or a different kind from the liquid-vapour contact means used in the higher
pressure rectification column 12 or the intermediate pressure rectification /
column 42. Liquid nitrogen reflux for the lower pressure rectifier 34 is provided o
from two sources. The first source is an outlet 66 from the collector 20 through o R
which a stream of liquid nitrogen [mole fraction N, - 0.99; pressure - 11.9 bar; ' :
temperature - 106.6K; flow rate - 24305 sm?/hr] is withdrawn. The straam of R
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- exchanger 38. The &ub-cooaled liquid nitrogen [mole fraction, nitrogen 1.0;

4.4 bar]. A product nitrogen stream [composition (mole fraction) O, - 0.01; N, -
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liquid nitrogen is then sub-cooled by passage through the heat exchanger 38.
The sub-cooled liquid nitrogen stream {temperature - 94.3K; pressure - 7.8 bar]
passes through a pressure reducing valve 68 and flows into a top region of the
upper stage 58 of the lower pressure rectifier 34 through an inlet 70. A second
stream of liquid nitrogen reflux is taken from the condensate of the
condenser-reboiler 46. The second stream of reflux is sub-cooled in the heat

temperature - 94.3K; pressure - 7.8 bar; flow rate 12047 sm3/hr] flows thmugh
a pressure reducing valve 72 and is introduced into a top region of the upper
stage 68 of the lower pressure rectifier 34 as liquid nitrogen reflux. A
downward flow of iiquid through the lower pressure rectifier 34 is thereby
created. An upward flow of vapour through the lower pressure rectifier 34 is
created by operation of the condenser-reboiler 16 to rebeoil liquid at the bottom
of the lower stage 60 of the lower pressure rectifier 34. Flow of vapour i N
through the upper stage 58 of the lower pressure rectifier 34 is enhanced by - =
operation of the condenser-reboiler 22 to reboil liquid at the bottom of this -
stage. ' i
An oxygen product, typically from 90 to 95% pure, [cémposition (mole fraction)
0, - 0.95; Ar - 0.03; N, - 0.02; tempéerature 107.3K; pressure - 4.6 bar; flow- -
rate - 21525 sm®/hr] is withdrawn from a bottom region of the lower stage 60
of tiie lower pressure rectifier 34 threugh an outlet 76. This product oxygen . ’
stream flows through the heat exchanger 6 from its cold end 10 to its warm end o
8. ltis thus- warmed to ambient temperature [temperature - 294K; pressure -

0.99; wemperature - 92.8K; pressure - 4.5 bar; flow rate - 78415 sm*/hr] is
withdrawn through outlet 78 from the top of the upper stage 58 of the lower -
pressure rectifier 34. [t flows through the heat exchanger 38 thereby providing - = -
the necessary cooling for the sub-cooling of the other streams flowing
therethrough. From the heat exchanger 38 the nitrogen flows through the heat
exchanger 6 from its cold end 10 to it$ warm end 8 and leaves the heat
exchanger 6 at approximately ambient temperature [température - 294K;
pressure - 4.3 bar].

The refrigeration demands of the plant shown in Figure 1 are met by taking a
second stream of purified ait {temperature - 297K; pressure 12.3 bar; flow rate -
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4177 sm3hr] from the purification unit 4 and further compressing it in a
compressar 80. The compressed second stream of air [temperature - 297K;
pressure - 20.6 bar] is then cooled to a temperature intermediate those of the
cold end 10 and warm end 8 of the heat exchanger 6 by passage therethrough
cocurrently with the first stream of air. The second air stream is withdrawn
[temperature - 251.6K] from an intermediate region of the main heat exchan'ger
6 and is expanded with the performance of external work in an expansion ‘
turbine 82. The resulting expanded stream of air [temperature - 175K; pressure: . '
- 4.6 bar] is returned to the heat exchanger 6 and is further reduced in .
temperature by passage therethrough. The expanded second stream of air -
passes out of the cold end 10 of the heat exchanger & and is introduced
[temperature - 117.3K] into the upper stage 58 of the lower pkessure ret:tiﬁor(
34 as a third feed stream which is separated with the other two feed strears 2

Referring now. to Figure 2 of the drawings, there is shown that the plant h‘avingf
a similar column arrangement to that shown in Figure 1 save that a snmple phase
separator 90 {in which no rectification takes place) is substituted for the
intermediate rectification column 42, As a consequence, a numger of changes
are made to the plant shown in Figure 1. These changes are described befow
with reference to Figure 2. First, additional reflux for the higher pressure -
rectification ¢ tumn 12 is provided by withdrawing a turther stream of mtrogen
vapour through an outlet 92 at a top region of the higher pressure rectification'
column 12 and condensing a part the stream in another condenser-reboiler 94
{Another part of the streamn of mtrogen withdrawn through the outlet 92 is -
passed through the heat exchanger 6 from its cold end 10 to its warm end 8 .
and i !;s taken as elevated pressure nitrogen product at ambient temperature). j-
The resulting liquid nitrogen condensate is returned to the collector 30 in the
higher pressure rectification column through an inlet 96. Cooling for the
condenser-reboiler 94 is provided by withdrawing a stream of liquid oxygew from
the bottom ragion of the lower stage 6 of the lower pressure rectifier 34 Vo
through an outlet 98 and flashing it through a pressure reducing valve 100 ihto ‘ "} By
the condenser-reboiler 94. The liquid oxygen is vaperised by heat exchange ' - L
with the nitrogen from the higher pressure rectification column 12. The oxygen "
vapour is withdrawn from the condenser-reboiler 94 through an outlet 102 ané ‘
flows through the main heat exchanger 6 from its cold end 10 to its warmend 8 ‘

"S
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Figure 2 and downstream of passage through a pressure reducing valve 104 f‘s

enhanced. Moreover, no stream of liquid air is withdrawn from an intermediate . -

-13 -

as the oxygen product. Accordingly, no gaseous oxygen product stream‘ ié
withdrawn directly from the lower stage 60 of the lower pressure column 34,

Another consequence of the use of phase separator 90 in the plant shown iﬁ , ‘
Figure 2 is that the vapour taken from the top of the separator 90 for S
condensation in the condenser-reboiler 46 contains a substantial amount of »
oxygen and is not suitable for use at the top of the upper stage 58 of the lower \:,v ‘
pressure rectifier 34 as liquid nitrogen reflux. Accordingly the inlet 74 is tocated ‘
not at a top region of the upper stage 58 of the lower pressure rectifier 34 (4.9‘_ i _
above the entire liquid-vapour contact means located therein) but rather at an -
intermediate level such that there are some liquid-vapour contact surfaces Sl
located above the level of the inlet 74, Moreover, the condensate from the . .
condenser-reboifer 46 that is sent to the lowar pressure rectifier 34 is not s
sub-cooled upstream of its passage through the gressure reducing valve 72.. For'
a given operating pressure of the separator 90, the condenser-reboiler 45 : o
coerates at a higher temperature than it would were the vapour to be cpndansed;jf .
therein essentially pure nitrogen. Accordingly, a part of the further-enriched = -
liquid withdrawn through the outlet 48 of the separator 90 by-passes the =~ °
pressure reducing valve 49 and the condenser-reboiler 46 in the plant shown in - :

introduced through an inlet 108 into the upper sta2ge 58 of the lower pressura
rectificr 34 at an intermediate level thereof. Lo

A further cansequence of the use of the phase separator 90 in the plant shown' | jf
in Figure 2 is that since no rectification takes place in the separator 90, there is
no need to return any of the condensate from the condenser-reboiler 46 to this - i o
separator. Instead, a portion of the condensate is urged i™v pump 110 inté the - &
higher pressure rectification column 12 through an inlet 112. As a result, the ' | ‘\
rate of forming fiquid nitrogen in the higher pressure rectification column 12 is

level of the rectifiation column 12 in order to pravide feeds for the lowet
pressure rectifier 34 and the flash separator 80. Accordingly, the pressure
reducing vaives 53 and 54 and associated conduits are omitted from the plant
shown in Figure 2. An additional change is that alf the first stream of feed alr -
flows through the condenser-reboiler 16 and is introduced into the higher
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pressure rectification column through an inlet 114 which takes the place of the o

inlets 14 and 18 shown in Figure 1.

It should also be noted that in the plant shown in Figure 2, the
condenser-reboiler is located upstream of the phase separator 90 wheréby some
of the liquid m the liquid-vapour mixture exiting the pressure reducing valva 40
is boiled upstream of the inlet 44 to the phase separator 90.

Based on a computer simulation, an example of the operation of the plant |
shown in Figure 2 is given in Table 1 below. In this example all the nitrogeﬂ"
product is taken from the upper stage 58 of the lower pressure rectifier 34 and
hence none from the outlet 92 of the higher pressure rectifier 12 ‘




I TN S AR
.Q : : :‘.:Q &: *
Description of Stream Composition
{mole fraction)
02 Ar N2
First purified air stream 0.21 0.01 0.78
upstream of warm end 8 of
heat exchanger 6
First purified air stream at 0.21 0.01 0.78
inlet to reboiler-condenser
16
First purified air stream 0.21 0.01 0.78
at inlet 114 to higher
pressure rectificaticn
column 12
Second purified air stream 0.21  0.01 0.78

at inlet to compressor 80

TABLE 1
state Pressure/ Temperature/K Flow rate/sm? hr
L = liquid bar
G = Gas or
vapour
G 10.45 297.0 92899
G 10.2 111.5 92899
G-0.79% 10.2 107.9 92899
L-0.21% ’
G 10.45  297.0 7101

.—SI_



Second purified air stream
at outlet from compressor

Second purified air stream
at iniet to turbine 82

Second purified air stream
at outlet from turbine 82

Second purified air stream
at inlet 84 to upper stage
58 of lower pressure
rectifier 34

Oxygen-enriched liquid air
streami at outlet 36 of
higher pressure
rectification column 12

Oxygen-enriched liquid air

0.21
80

0.21

0.21

0.21

0.31

0.31

stream at inlet to pressure

0.01

0.01

0.01

0.01

0.01

0.01

0.78

QA 78
0.78

0.78

0.68

0.68
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15.5

15.4

4.6

4.55

10.2

1()»1

267.0

208.8

155.0

112.0

107.9

-105.5

7101

7101

7101

7101

69075

69075
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reducing vaive 40

Further-enriched liquid 0.38
stream at outlet 48 from
phase separator 90

Vaporised further-enriched 0.38
liquid stream at inlet 50

to upper stage 58 of lower
pressure rectifier 34

Further enriched liquid 0.38
stream (part) at inlet 106

to the upper stage 58 of

the fower pressure

rectifier 34

Viapour flow out of 0.20
separator

Condensate stream at inlet 0.20
ta pressure reducing valve 72"

0.01

0.01

0.01

0.01

0.01

0.61

0.61

0.61

0.79

0.79

L

L-0.2%
G-0.98%
L

G

L -

2048
[ XXX}
(12 1]

6.6

4.5

6.6

6.6

- 009 S0 nep
e e
. o8
.4

L ] ..
*n *e

102.0

929.9

102.0

102.0

‘008

43520

25078

18442

25554

14555




PRSI

Condensate stream at inlet 0.20
to pump 110

Liquid nitrogen stream at <0.01
outlet 66 from higher

pressure rectification

column 12

Liquid nitrogen stream at <0.0%
inlet to pressure reducing
valve 68

Product nitrogen stream at 0.01
outlet 78 from upper stage

58 of lower pressure

rectifier 34

Product nitrogen stream at 0.01
cold end 10 of heat
exchanger 6

el aTed,
; .E. .:,. 'E.
0.01 0.79
<0.01 0.99

<0.01 0.99

<0.01 0.99

<0.01 0.99

6.6

10.1

9.1

4.5

4.45

99.8

104.0

94.3

92.9

105.7

11000

34825

34825

78434

78434

--BI_



Product nitro~en stream at 0.01
warm end 8 xat exchanger
6

Oxygen stream at inlet to  0.95
valve 100

Product oxygen stream at 0.95
outlet 102 of condenser-
rebailer 94

Product oxygen stream at 0.95
warm end B of heat

exchanger 6

Note: percentages are by velume

<0.01 '0._99

0.03

0‘03

0.03

0;02

0.02

0.02

.y d Ll 14 Q': e

S22 8" oLt

.'. ... : .’I ’..
4.3 294.0
4.6 106.9
3.2 102.7
3.1 294.0

78434

21566

21566

21566

—6'[.-
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Operation of the plant shown in Figure 2 in accoriiance with the example set out
in Table 1 is further illustrated by the McCabe-Thiele diagram (Figure 3) which
portrays the operating line for the lower pressure rectifier 34. A relatively close
conformity of the operating line with the equilibrium line is achievable without
employing an excessive number of theoretical plates in the lower pressure
rectifier. '

A comparison has been made of the operation of the plants shown in Figures 1
and 2 with the reported operation of a process according to EP-A-0 538 118
{(see Table 1 thereof and the associated description). The results of the
comparison are shown in Table 2 below.

Table 2
EP-A-538 118  Figure 1 Figure 2

Air pressure (bar) 16.0 12.33 10.45
N2 pressure (bar) 5.0 4,27 4.27
02 pressuré (bar) 5.16 4.43 3.07
02 Recovery % 99.4 97.6 97.8
Relative Power Consumption 100 92.6 86.5
Process Efficiency 48.3 52.2 55.8

The power consumption of each process is defined as the power required to
compress the product streams up to the pressure of the feed air stream and
therefore represents the work consumed in the separation process, The power
consumptions are expressed relatively in Table 2 with that for the process
according to EP-A-538 118 being 100.

It can be appreciated that the ratio of the air pressure, which (less pressure drop
in the main heat exchanger) is the pressure at the bottom of the higher pressura -
rectifier, to the nitrogen pressure which (less pressure drop) is the pressure at
the top of the lower pressure rectifier, is less in the operation of the plants
according to Figures 1 and 2 of the accompanying drawings than in operation of
the process according to EP-A-0 538 118. Accordingly, for a given operating

S
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pressure for the lower pressure column, the higher pressure column 12 of the ) S
plants shown in Figures 1 and 2 of the accompanying drawings operates at '
lower pressure than the corresponding column in a process according to EP-A-O
538 118. This can be a considerable advantage as manufacturing difficulties

5 tend to increase with the pressure at which the column is required to operate. ,
Moreover, the advantages in power consumption are manifest. Fhese - ey
advantages outweigh the reduced recovery of oxygen in the process according S
to the invention.

PR

Various modifications and variations be made to the plant shown in Figures 1

10 and 2. One example of a modified form of the plant shown in Figure 2 is .
illustrated by Figure 4. Like parts occurring in Figures 2 and 4 are indicated by J
2. the same reference numerals. Since the construction and operation of the plant ~ ~ * * 5
O shown in Figures 2 and 4 are largely the same as one another, only those T
§'---- features of the plant shown in Figure 4 which do not have an exact counterpart
.:::j:« 15 in the plant shown in Figure 2 will be described below.
el
In the plant shown in Figure 4, the rectifier 34 comprises a single vessel 120
instead of the separate vesseis 58 and 60 of the plant shown in Figure 2.
otee Accordingly, the reboiler 22 is located at an intermediate level within the vessel .
ey or column 120.
. 20 The plant shown in Figure 4 produces an impure nitrogen product in addition to
':f'::. the relatively pure nitrogen product taken from the outlet 78 of the lower ‘ L.
“eves® pressure rectifier 34. In order to produce this impure nitrogen product, an ” v
impure liquid nitrogen stream is withdrawn from the higher pressure rectifier 12
5"‘" through an outlet 122, is sub-cooled by passage through a part of the heat r
':“.5 25 exchanger 38 is reduced in pressure by passage through a throttling valve 124 ‘ s

and is introduced into the lower pressure rectifier 34 through an inlet 126. A
gaseous nitrogen product is withdrawn from the lower pressure rectifier 34
through an outlet 128 and flows through the heat exchangers 38 and
cocurrently with the purer nitrogen product taken from the lower pressure g
30 rectifier 34 through its outlet 78. -
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in the plant shown in Figure 4, the condenser-reboiler 28 is located within the
vessel 90. The condenser-reboiler 28 may be of the thermo-siphon kind and be
at teast partially immersed in liquid within the vessel 80.

The plant shown in Figure 5 is generally similar to that shown in Figure 4 (and
therefore like parts in the two Figures are identified by the same reference
numerais) ekcept that the reboiler 16 is located outside the lower pressure
rectifier 34. In addition, in operation of the plant shown in Figure 5, the

coimpesition of the liquid that is reboiled in the condenser-reboilar 16 is different

from that of the impure liquid oxygen product that is reboiled in the
condenser-reboiler 94. To achieve this difference in comp@sit‘iori, the liquid tﬁat
is vaporised in the condenser-reboiler 94 is taken directly {via the outlet 98)
from the bottom of the liquid-vapour mass exchange means (not shown) in the
lower presstire rectifier 34 without passing into the sump 130 of the rectifier
34. Some of the liquid leaving the bottom of the liquid-vapour mass exchange
means in the lower pressure rectifier 34 is however upheld to pass under gravity
into the sump 130 in which it is mixed with liquid relatively richer in nitrogen
which is taken from a mass exchange level of the lower pressure rectification
column 34 adjacent to but below the condenser-reboiler 22. The resulting
mixture is withdrawn through an outlet 132 and flows through the boiling
passages of the condenser-reboiler 16 and is thereby reboiled. The resulting
vapour is ‘reint_(oducfed into the lower pressure rectifier 34 at a level below the
liquid-vapour mass exchange means (not shown) located therein. By enriching
in nitrogen the liquid being reboiled in the boiling passages -of the
condenser-reboiler 186, its boiling peint 14 reduced. Accordingly, a
complementary reduction in the temperature at which the air condenses in the
condenser-reboiler 16 is made by reducing thé pressure at which the air is
supplied from the compressor 2 to the condenser-reboiler 16. As a result, it is
possible ta reduce the operating pressure of the higher pressure rectification
column by about 0.5 bar without making any reduction in the operating pressure
of the lower pressura rectifier 34.

The plant shown in Figure 6 of the drawings shows alternative modifications
that may be made to the plant illustrated in Figure 4 and again like parts in the
two Figures are identified by the same reference numerais. In these
modifications, the further enrichment the oxygen-enriched liquid is performed in

P
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two discrete stages, the downstream one of which corresponds to the
reboiler-condenser 28 and vessel 90 of the plant shown in Figure 4, and the
upstream one of which has no counterpart in the plant shown in Figure 4.
Referring to Figure 6, oxygen-enriched liquid is withdrawn from the higher
pressure rectifier 12 through an outlet 36 and is sub-cooled by passage through
the heat exchanger 38. The sub-cooled oxygen-enriched liquid is flashed
through a pressure reducing valve 140 into an auxiliary rectification column 142
below the level of all liquid-vapour contact means {not shown) therein. The
oxygen-enriched liquid is separated in the auxiliary rectification column 142 irto
a further-enriched liquid and nitrogen vapour. The nitrogen vapour that is so
separated is not pure. Reflux for the auxiliary rectification cotumn 142 is
formed by withdrawing a stream of nitrogen vapour from the top of the column
142 and condensing it in @ condenser-reboiler 144 located at an intermediate
mass exchange level of the lower pressure rectifier 34 above that at which the
condenser-reboiler 22 is situated. Condensation of the impurs nitrogen vapour
in the condenser-reboiler 144 is thus effected by indirect heat exchange with
boiling liquid taken frem mass exchange in the lower pressure rectifier 34. A
part of the resulting condensate is returned to the top of the auxiliary
rectification column 142 as reflux while another part of it is passed through a
pressure reducing valve 146 and is introduced into the lower pressure rectifier
34 through an inlet 148. Reboil for the auxiliary rectification column 142 is
provided by yet another condenser-rebailer 150 located in a sump of the column
142. The condenser-reboiler 150 is heated by nitrogen vapour taken from the
top of the higher pressure rectifier 12 through the outlet 26. This nitrogen is
condensed in the condenser-reboiler 150 and the resuiting condensate is
returned to the higher pressure rectifier 12 via the inlet 32 as liquid nitrogen
reflux. Further enriched liquid is withdrawn from the bottom of the auxiliary
rectification column 142 and is flashed through a pressure reducing valve 40
and is intreduced into the condenser-reboiler 28 located within the vessei 90.
The operation of this condenser-reboiler 28 is substantially as degcribed with
reference to Figure 2.

In one example of the operation of the plant shown in Figure & of the drawings,
the higher pressure rectification column 12 has an operating pressure of 10.2
bar, the auxiliary rectification column 142 an operating pressure of 7.8 bar and
the vessel 80 has an outlet pressure of 6.5 bar. The lower pressure rectifier 34
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has an operating pressure of about 4.5 bar and the impure liquid oxygen produc: "1‘:‘: '
is vaporised at about 3.2 bar. s

In Figure 7 of the accompanying drawings there is shown a plant which can b,é N
viewed as a modification to that shown in Figure 6 and like parts in the two ?
Figures are identified bv *he same reference numerals. In this modification, the
vaporisation of the impure liquid oxygen product is employed to condense
nitrogen vapour taken from the top of auxiliary rectification column 142. Thus a
single, condenser—reboﬂer used In the plant shown in Figure 7 to take the pla
of the condenser-reboilers 94 and 144 of the plant shown in Figure 6. Refering
to Figure 7, impure liquid oxygen product is withdrawn from the bottom ot the '
lowaer pressure rectifier 34 through the outlet 98 and i reduced in pres&ure by
passage through the throttling vaive 100. The resulting fluid stream is . . f.‘?j
introduced into a condenser-reboiler 160 and is totally vaporised thereif, The:
resulting vapour is withdrawn from the condenser-reboiler 160 through an sutlét
162 gnd is warmed to ambient temperature by passage through the main heat
exchanger 6. Heating for the condenser-reboiler 160 is provided by nitrcgen
taken from the top of the auxiliary column 142. The nitrogen condenses and
the resuiting coridensate is returned te the top of the auxiliary column 142 and
serves as reflux for that co’fuknnx. Impure liquid nitrogen is withdrawn from the }:-
top of the tolumn. 142 through an outlet 164, is sub-cooled ifi the Heat o
exchanger 38, and is merged with the impure liquid nitrogen withdrawn from .
the column 122 downstream of a pressure reducing valve 166, In other o ’
respects and construction of operation of the plant shovwn in anufe 7is whoﬂy “
analegous to Figure 6. S CL

In a typical example of the aperation. of the plant shown in Figure 7, the hig@er
pressure rectification column 12 may have an operating pressure of |
approximately 13 bar, the lower pressure rectifier an operating pressum of a‘baut
6 bar, the auxiliary column 142 an operating pressure of 10 bar, the .
condenser-reboiler 148 an operating pressure of about 8 bar and the ' s
condenser-reboiler 160 an operating pressure (in its boiling passages) of
approximately 2.6 bar.

In Figure 8 there is shown a modification to the plant illustrated in Figure 4. In e
this modification, the vessel 80 is replaced by a small rectification column 170 - ¢
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typically having a few trays (not shown) located above the condenser-reboiler o
28 which is located in the bottom of the column 170. The oxygen-enriched - - .
liquid stream is introduced into the column 170 through the inlet 44 at a ‘Ievgl ’ '
above all the liquid-vapour contact trays therein. This liquid descends the -~
5 calumn 170 flowing from tray to tray. It comes into contact with vapour bgilad o

it the reboiler-condenser 28, Mass exchange takes place between the rising
vapour and the descending liquid with the result that the further enrichmer;t in
oxygen of the liquid is enhanced. In other respects, the construc‘aon and”
operation of the plant shown in Figure 8 is wholly analogous to the plant shown

. 10  in Figure 4.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1.

-26-

A mathod of separating air, comprising the steps of:

a) separating pre-cooled and purified air in a higher pressure rectifier into
oxygen-enriched liquid and nitrogen vapour;

b) separating a stream of the oxygen-enriched liquid at a pressure
batween the pressure at the top of the higher pressure rectifier and
that at the bottom of a lower presaure rectifier so as to form a hquid
further enriched in cxygen and an mtermedlate vapour; -

¢} separating a stream of the further-enriched liquid in the lower pressure
sgctifier into oxygen and nitrogen; and

d) providing liquid nitrogen reflux for the higher and lower pressure -
rectifiers;. : ' .

wherein a part of the liquid nitrogen reflux is formed by condensirig a .
stream of said nitrogen vapour by indirect heat exchange with liquid frony
an intermediate mass transfer region of the lower pressure rectifier. -

A methdd as claimed in claim 1, in which the intermediate vapour is.
condensed by indirect heat exchange with a stream of said B
further-enriched liquid which has been reduced in pressure upstream of t;,.
the heat exchange; and the stream of further-enriched liquid is partiafly . S
vaporised by the heat exchange with the intermediate vapour and the * ’
partially vaporised further-enriched liquid is introduced into the lower

pressure rectifier. . RE.

A method as claimed in claim 1, in which the intermediate vapour is
condensed by indirect heat exchange with liquid taken from an
intermediate mass transfer region of the lower pressure rectifiev.

A method as claimed in any ane of claims 1 to 3, in which the separa’mm_
irt the step (b) is performed by rectification in a further rectifier.
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A method as claimed in claim 4, in which the stream of oxygen-enriched liquid is
introduced below all vapour-liquid mass exchange means in the further rectifier

and the intermediate vapour produced in the further rectifier is nitrogen.

6. A method as claimed in claim 5, in which one part of a condensed intermediate

vapour is used as reflux in the further rectifier, and another part of the condensed

intermediate vapour is used as reflux in the lower pressure rectifier.

7. A method as claimed in any one of elaims 4 to 6, in which a portion of liquid in the

bottom of the further rectifier or a portion of the feed to the further rectifier is

reboiled.

8. A method as claimed in any one of claims 1 to 3, in which the said step (b) is

performed by flashing the stream of oxygen-enriched liquid to form a liquid-
vapour mixture at said pressuré between the pressure at the top of the higher
pressure restifier and that at'the bottom of the lower pressure rectifier, and
separating the resulting liquid-vapour mixture into liquid and vapour phases so as |
to form the further-enriched liquid and the intermediate vapour, and a part of the

further-enriched liquid is reboiled so as to enhance the rate of formation of the

intermediate vapour.

9. A method as claimed in claim 8, in which the intermediate vapour-is condensed

and the resulting condensate is returned to the higher pressure rectifier.

10. A method as claimed in claim 7, in which the reboiling is performed by indirect
heat exchange with a stream of nitrogen vapour from the higher pressure rectifier,

the stream of nitrogen vapour thereby being condensed.

11. A method as claimed in claim 10, in which the condensed nitrogen vapour formed
in the reboiling of the further-enriched liquid is employed as reflux in the higher

pressure rectification column.
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12.

13.

14.

15.

16.
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A method as claimed in any one of the preceding claims, in which reboil for the
lower pressure rectifier is provided by indirect heat exchange with a stream of pre-

cooled and purified feed air, whereby the feed air stream is at least partially

condensed,

Apparatus for separating air, comprising:

a) a higher pressure rectifier for separating pre-cooled and purified air into
oxygen-enriched liquid and nitrogen vapour;

b) a lower pressure rectifier for producing oxygen and nitrogen; 7

¢) means for separating a stream of the oxygen-enriched liquid at a pressure . V

between the pressure at the top of the higher pressure rectifier and thatat -

the bottom of the lower pressure rectifier so as to form a liquid further
enriched in oxygen and an intermediate vapour; '
d) means for introducing a stream of the further-enriched liquid into the
lower pressure rectifier for separation into oxygen and nitrogen; and
e) means for providing liquid nitrogen reflux for the higher and lower |
pressure rectifiers including a condenser for indirectly heat exchanging a
stream of said nitrogen vapour with liquid from an intermediate mass

transfer region of the lower pressure rectifier.

Apparatus as claimed in claim 13, in which said separating means comprises a

further rectifier.

Apparatus as claimed in claim 13, in which said separating means comprises a
pressure reduction valverand a phase separator on the downstream side of the

pressure reduction valve.

Apparatus as claimed in claim 14, in which the further rectifier has a condenser

and a reboiler associated therewith.
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17. Apparatus as claimed in claim 15, additionally including a reboiler upstream of or | 0

in the phase separator.

18. A method of separating air, substantially as herein described with reference to any

5 one of the accompanying drawings.

19. An apparatus for separating air, substantially as herein described with reference to

any one of the accompanying drawings.

10  Dated this 5th Day of August, 1997

| The BOC Group plc
Attorney: CAROLINE M. BOMMER

* Fellow Institute of Patent Attorneys of Australia
of SHELSTON WATERS
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~alternative examples of the process, the liquid that is flashed through the valve
“odis subjected to phase separatton rather than rectmcatnon. S
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ABSTRACT
AlR SEPARATION

A first stream of cooled and purified &ir is introduced into a higher pressure
rectification cotumn (12)through an inlet(14)and is separated into oxygen- -
enriched liquid and nitrogen vapour. A stream of the oxygen-entiched liduld"is:_-p
flashed through a pressure reducing valve (40)into an intermediate rectification *
column (22)m whuch itis separated into further-enriched hqund and an

in cendenser-rebmler (46)and is mtroduced into a lower pressure rectiﬂer(34)-
compnsmg an upper stage (58)and a lower stage (60) The Iower presSure Y

stream of cooled anc\’ punfued air. The second stream is itself condensed ln t
reboiler ﬂ G)and is mtroduced into the higher pressure cmumn a 2). The {ower
employed to form ltquud mtrogen reflux for the rectnﬂsation by condensmg ‘

nitrogen vapour separated .in the higher pressure rectification co!umn. In e,
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