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(54) PROCESS FOR CRYOGENIC AIR SEPARATION AND AIR SEPARATION PLANT

(57) The invention concerns a process for cryogenic
air separation and an air separation plant. Such plant
comprises three columns for nitrogen-oxygen separation
including a high-pressure column (101), a medium-pres-
sure column (104) and a low-pressure column (102) and
additionally a crude argon column (107). A first oxygen-
enriched fraction (33, 34) from the high-pressure column
(101) is sent. being sent to the medium-pressure column
(104). A portion (41) of an argon-enriched fraction, which
otherwise feeds the crudeargon column, is introducedas
heating medium into a bottom evaporator (106) of the
medium-pressure column (104). A top condenser (105)

of the medium-pressure column (104) liquefies nitrogen
top gas (50) of the medium-pressure column (104). A
liquid impure nitrogen fraction (27) from the medium-
pressure column (104). is introduced into the low-pres-
sure column (102), in particular at its top. Another portion
(51) of the nitrogen top gas (50) of the medium-pressure
column (104) is withdrawn in gaseous form as a product
(MPGAN). No part of the liquid nitrogen fraction (54)
produced in the top condenser (105) of the medium-
pressure column (104) is introduced into the low-pres-
sure column (102).
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Description

[0001] The invention concerns a process and an ap-
paratus for cryogenic air separation plant according to
the introductory parts of the independent patent claims.
[0002] A system of that type is disclosed in EP 833118
A2. As usual in such three-column processes for nitro-
gen-oxygen separation, the high‑ and low-pressure col-
umns have normally a common condenser-evaporator,
the so called main condenser, and the medium-pressure
column has a top condenser and a bottom evaporator.
The nitrogen top gas of the medium-pressure column is
completely liquefied in the top condenser and used a
reflux liquid in themedium-pressure column and/or in the
low-pressure column. The system has a crude argon
column, i.e. a column for oxygen-argon separation. In
EP833118A2, such columnproducesa valuable product
(which may be further purified). Other crude argon col-
umns are operated as argon rejection columns, rejecting
the argon-enriched product. The invention may be ap-
plied to both variants of crude argon columns.
[0003] Although the knownprocess is already efficient,
the object of the invention is to further save energy in the
operation of the system.
[0004] The above technical problem is solved by the
features of the independent patent claims. Actually, the
pure nitrogen section, i.e. the uppermost section of the
low-pressure column is omitted in the invention. Such an
omission of a separation section normally just saves
investment costs, but the skilled person would expect
that the energy efficiency decreases. In the invention, it
turned out, that such omission in this particular case
surprisingly effects an overall energy saving of up to
2.5 %. It is assumed that the increase in efficiency of
the separation inside the remaining low-pressure column
overcompensates losses caused by the omission of the
pure nitrogen section.
[0005] In the invention, no pure liquid nitrogen reflux is
required to operate the low-pressure column. The re-
spective pure nitrogen produced at the tops of the med-
ium‑ and high-pressure column can be used for other
purposes, e.g. increasing the reflux and thereby improv-
ing the separation in those columns, or withdrawing
pressurized gaseous nitrogen products, e.g. the med-
ium-pressure gaseous nitrogen productmentioned in the
patent claims.
[0006] For cooling the top condenser, a second oxy-
gen-enriched fraction may be withdrawn from the med-
ium-pressure column and introduced into the top con-
denser of the medium-pressure column as cooling med-
ium,where it is at least partially evaporated to producean
oxygen-enriched gas. Such oxygen enriched gas is pre-
ferably introduced into the low pressure column in parti-
cular at least one practical separation stage above the
argon condenser for better matching of equilibrium com-
position and/or reduction of mixing losses.
[0007] The advantages of the invention surface espe-
cially when the crude argon column is operated as argon

rejection column. In particular in such case, the invention
may be combined with a known method to integrate the
crude argon column and the crude argon condenser into
the vessel of the low-pressure column as previously
described in EP 3133361 A1 = US 20170051971 A1.
[0008] The dividing wall in the divided wall section of
this embodiment may be a flat sheet. Alternatively it may
comprise a cylindrical wall separating the intermediate
mass exchange region and themass exchange region of
the crude argon columnas the vertical wall. Examples for
such type of divided wall columns as shown in WO
2019040249 A1.
[0009] Both, the top condenser and the bottom eva-
porator areusually condenser-evaporators (briefly called
condensers). In one embodiment of the invention, both
condenser-evaporators are bath evaporators; in another
embodiment both are forced-flow evaporators. In a third
and forth embodiment both evaporator types are mixed.
[0010] In a bath evaporator, liquid circulates by the
thermosiphon effect through the evaporation space of
a heat exchanger which is arranged in a liquid bath of the
liquid to be evaporated. In a forced-flow (or once-
through) evaporator, a liquid stream is forced through
the evaporation space by means of its own pressure and
partly evaporated therein. Said pressure may be gener-
ated for example by a liquid column in the supply line to
the evaporator space, and thus purely hydrostatically.
Here, the height of said liquid column corresponds to the
pressure loss in the evaporation space. The gas-liquid
mixture emerging from the evaporation space is sent to a
downstream process step or to a downstream device,
and in particular is not introduced into a liquid bath of the
condenser-evaporator, from which bath the fraction re-
maining in liquid form would be drawn in again.
[0011] In the drawings, two embodiments of the inven-
tion are shown and further details of the invention are
explained.
[0012] Figure 1A shows a plant with a distillation col-
umn system comprising a high-pressure column 101, a
low-pressure column and a main condenser 103 being a
bath evaporator, those three being connected in the
manner of a classical Linde double column. The distilla-
tion system for nitrogen-oxygen separation further com-
prises a medium-pressure column 104 having a top
condenser 105 and a bottom reboiler 106, both being
bath evaporator in this embodiment. There is also an
oxygen-argonseparation in formof a crudeargoncolumn
107 integrated into the low-pressure columnasapart of a
dividedwall section having a dividingwall 109 separating
two independent distillation sections, an intermediate
section 110 of the low-pressure column and the argon
column 107. Low-pressure column 102, the argon col-
umn 107 and its top condenser 108 (and, as usual, the
main condenser 103) are arranged in a common vessel
111. The construction of the low-pressure columnand the
integration of the argon column and condenser is ex-
plained indetail in theabovementionedEP3133361A1=
US 20170051971 A1.
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[0013] The main condenser 103 is formed in the ex-
ample by a bath evaporator, in particular by three stage
cascade evaporator, i.e. a multilevel pocket evaporator.
The low-pressure column 102 also has an upper mass
transfer region 131anda lowermass transfer region 132.
[0014] In the air separation plant shown of Figure 1A,
atmospheric air (AIR) 1 enters the plant via a filter 2. It is
compressed to a pressure slightly above the operating
pressure of the high-pressure column 101 in a multi-
stage intercooled main air compressor 3 and precooled
an air precooling unit 4. The precooled air 5 is purified in a
purification unit 6 (typically formed by a pair of molecular
sieve adsorbers). A first partial stream 8 of the purified
feed air 7 is fed to a main heat exchanger 9 and cooled
therein down to the cold end. The cooled feed air 10 is
sent via line 11 in gaseous form to the bottom of the high-
pressure column 101.
[0015] A second partial stream 12 of the purified feed
air 7 is compressed in a two booster compressor stages
13, 14 with aftercooler 15 (and optional intercooler, not
shown in the drawing) to a higher pressure and used as
so-called throttle stream in the internal compression of
nitrogen and oxygen products described later. In the
embodiment, the throttle stream 13 after cooling in the
main heat exchanger is not valve expanded, but work-
expanded to about high-pressure column pressure in a
dense fluid turbine 14 (sometimes called liquid turbine).
Theexpanded liquid stream15 is introduced in liquid form
into the high-pressure column 101 at a first intermediate
height.
[0016] A third partial stream 16 is withdrawn between
the two booster stages 13, 14 and further compressed in
a turbine-booster 17 with aftercooler 18. The boostered
third partial stream is cooled in themainheatexchanger 9
until an intermediate temperature and thenwithdrawn via
line 20andwork-expanded in turbine 21 in gaseous form.
The expanded third partial stream 22 is mixed with the
cold first partial stream 10 and sent to the high-pressure
column as gaseous feed via line 11.
[0017] A nitrogen gas stream 23, 24 from the top of the
high-pressure column101 is introduced into the liquefac-
tion space of the main condenser 103. In the liquefaction
space of the main condenser 103, liquid nitrogen 25 is
produced and at least a first portion thereof is guided as a
first liquid nitrogen stream 26 to the first high-pressure
column 101.
[0018] Liquid oxygen is dropping down from the low-
ermost mass transfer layer 112 of the low-pressure col-
umn 102 into the bath of the main condenser 103. It is
introduced into the evaporation space of the main con-
denser 103. Gaseous oxygen is formed in the evapora-
tion space of the main condenser 103. At least a first
portion thereof is introduced into the low-pressure col-
umn 102, so that it flows upward into the lowermostmass
transfer layer 112 of the low-pressure column 102; a
second portion can be obtained directly, if required, as
gaseous oxygen product and warmed in the main heat
exchanger 308 (not implemented in this embodiment).

[0019] A portion 29 of the reflux liquid for the low-
pressure column 102 is formed by a nitrogen-enriched
liquid 27 which is withdrawn from the high-pressure
column 101 from a second intermediate height and
cooled down in a countercurrent subcooler 28. Impure
nitrogen 30 is withdrawn from the top of the low-pressure
column 102 and guided as waste gas through the sub-
cooler 28 and through the conduit 31 to the main heat
exchanger 9. A portion 32 of the warmwaste gasmay be
used as a regeneration gas in the purification unit 6.
[0020] An oxygen-enriched bottoms liquid stream is
withdrawn as a first oxygen-enriched fraction 33 from
the high-pressure column 101 and cooled in the subcoo-
ler 28. In the example, the entire cooled bottoms liquid 34
is fed to the bottom or - as shown in the drawing - to an
intermediate height of themedium-pressure column104.
Fig. 1B A portion 63 may be directly introduced into the
low-pressure column. The bottom liquid of the medium-
pressure column is withdrawn as second oxygen-en-
riched fraction 35 and sent as a cooling medium to the
top condenser 105. It is partially evaporated in the eva-
poration space. The evaporated portion 36 and the re-
maining liquid 37 are introduced into the low-pressure
column102atdifferentheights separatedbyaseparation
section being part of the upper region 131. From an
intermediate height of the medium-pressure column
104, a liquid impure nitrogen stream 52 is withdrawn
and introduced into the top of the low-pressure column
102. A portion 53 of the top nitrogen gas 50 of the
medium-pressure column 104 is completely or nearly
completely (excluding non-condensable components)
liquefied in the top condenser 105. The complete lique-
fied fraction 54 is fed back to the top of the medium-
pressure column 104 as reflux. No portion is fed to other
columns or withdrawn as a final liquid product. In a
variant, a portion of such liquid nitrogen from the top of
themedium-pressure columnmaybewithdrawnasafinal
liquid nitrogen product. In another variant, an additional
internal compression stream could be taken from the top
of the medium-pressure column and sent to an internal
compression pump like pump 57. Additionally or alter-
natively, final liquid products may be recovered from the
top of themedium-pressure column and/or from lines 29,
58 or 48.
[0021] The liquid running off from the upper region 131
of the low-pressure column is collected by a liquid col-
lector 134. In this embodiment, such liquid comes from
single practical tray 135 being part of the upper region
131. It is introduced via line 38 into the evaporation space
of the argon column top condenser 108. The argon
column top condenser 108 is a forced-flow evaporator
in thisembodiment. Theportion39partially evaporated in
the top condenser 108 flows back into the upper mass
transfer region 131 and the portion 40 remaining in liquid
form is fed into the intermediatemass transfer region 110
of the low-pressure column 102. The nearly lowest por-
tion 136 of the upper region 131 between the introduction
of lines36and37 is relatively short, normally 7 theoretical
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trays or less. It may be realized either by structured
packing or by one or more practical tray(s), e.g. sieve
tray(s). Additionally there may or may not be the single
sieve tray 135 already mentioned above below section
136. If such tray is present, it is then regarded as part of
the upper region 131.
[0022] The argon-enriched gas exiting the lower mass
transfer region 133 at its top is split.. A first portion of the
argon-enriched gas flows into the intermediate mass
transfer region 110 like in every low-pressure column
and works as rising vapor in the intermediate mass
transfer region 110. A second portion of the argon-en-
riched gas constitutes the "argon-enriched fraction". A
first portion of such argon-enriched fraction flows into the
crude argon column 107 and works as rising vapor in the
crude argon column. This is similar to each argon plant,
but without conduits between low-pressure column and
the bottom of the argon column. A second portion 41 of
the argon-enriched fraction is used as heatingmedium in
the bottom evaporator 106 of the medium-pressure col-
umn. The resulting liquid or two-phase stream 42 is sent
back to the low-pressure column 102.
[0023] The argon-enriched "product" 43 of the argon
column is removed in gaseous form from the argon
column 107 or the top condenser 108 thereof, guided
through the main heat exchanger 9 via a separate pas-
sage group and withdrawn (ATM) as a waste gas. Alter-
natively, it would be possible to mix the argon-enriched
fraction43with the impurenitrogenandguide themixture
through the main heat exchanger 9.
[0024] The liquid air from themain heat exchanger 9 is
fed via the conduit 15 to the high-pressure column 101 at
a first intermediate height. At least a portion 45 is with-
drawn immediately and introduced via the subcooler 28
and a conduit 46 into the low-pressure column 102,
specifically at least one mass exchange section above
the feed 36 from the top condenser 105 of the medium-
pressure column 104.
[0025] Liquid oxygen 47, 48 is withdrawn from imme-
diately above the main condenser 103. At least a portion
48 is fed to an internal compression. This involves pump-
ing the liquid oxygen 48 bymeans of a pump 49 to a high
product pressure, evaporating it or (if its pressure is
supercritical) pseudo-evaporating it in the main heat
exchanger 9 under this high product pressure, warming
it to about ambient temperature and finally recovering it
as the gaseous compressed oxygen product GOXIC .
Such pressurized oxygen is themain product of the plant
of the embodiment.
[0026] A further product from the plant is pressurized
nitrogen, which is withdrawn directly from the top of the
medium-pressure column (conduits 50, 51), conducted
to themain heat exchanger 9, warmed therein and finally
obtained as gaseous compressed nitrogen product
MPGAN. Pressurized nitrogen is withdrawn as a further
product directly in gaseous form from the distillation
system, i.e. directly from the top of the medium-pressure
column (conduits 23, 55), conducted to the main heat

exchanger 9, warmed therein and finally obtained as a
further gaseous compressed nitrogen product PGAN. A
portion thereof can be used as seal gas (Sealgas).
[0027] In addition, a portion 56 of the liquid nitrogen 25
produced in the main condenser 103 can be fed to an
internal compression (pump 57) and obtained as gas-
eous high-pressure nitrogen product GANIC. The plant
can also supply liquid products LOX, LIN.
[0028] If the pressure of the MPGAN product is not
sufficient for the client’s purpose, it may be externally
compressed in a feed compressor 70 with aftercooler 71
and possibly admixed to the PGAN stream. If the pres-
sure of the PGAN product is not sufficient, it can be
externally compressed in a product compressor 72 with
aftercooler 73, either separately or together with the
compressed MPGAN stream as shown in the drawing,
and finally withdrawn as HPGAN product.
[0029] In a specific example, the mass transfer ele-
ments in the low-pressure column 102 are formed ex-
clusively by structured packing (despite single tray 135).
The oxygen section (133 and below) of the low-pressure
column 102 is equippedwith a structured packing having
a specific surface area of 750 m2/m3 or alternatively
1200 m2/m3 ; in the other sections, the packing has a
specific surface area of 750 or 500 m2/m3. Departing
from that, it is possible to combine structured packing of
different specific surface area within any of the sections
mentioned. The argon column 152, in the embodiment,
contains exclusively packing having a specific surface
area of 1200 m2/m3 or alternatively 750 m2/m3. In the
high-pressure column 101, the mass transfer elements
are formed exclusively by structured packing having a
specific surface area of 1200 m2/m3 or 750 m2/m3.
Alternatively, at least a portion of the mass transfer ele-
ments in the high-pressure column 101 could be formed
by conventional distillation trays, for example by sieve
trays.
[0030] Figure 1A includes a krypton and xenon recov-
ery. Liquid oxygen 59 containing all the higher-boiling
components and liquid oxygen 58 being free of higher-
boiling components are fed to a classical Kr-Xe recovery
system comprising a Kr-Xe enrichment column (C1) 61
having a bottom reboiler and producing a Kr-Xe concen-
trate 60 (CrudeKr/Xe). The bottom reboiler is heatedby a
portion 62 of the gaseous feed air 11.
[0031] In an alternative embodiment, there would be
no recovery of kryptonand xenon. In such case, the liquid
oxygen 48 is directly withdrawn from the bottom of the
low-pressure column, like shown for line 59 in Figure 1A.
There will be no additional connections immediately
above the main condenser 103 contrary to the connec-
tions for lines 47, 48, 58 as shown in Figure 1A.
[0032] Figure 1B regards an embodiment similar to
Figure1A, but differing in the kindof transfer of thebottom
liquid 33 of the high-pressure column 101 to the low-
pressure column102.Whilst in Figure 1Aall such liquid is
indirectly fed to the low-pressure column, i.e. through the
medium-pressure column104and its top condenser 105,
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in Figure 1B, portion 63 of such liquid 33, 34 is directly
introduced into the low-pressure column 102. The gas-
eous and liquid portions 36, 37 from the top condenser
105 are introduced at the same height into the low-
pressure column 102 in this embodiment. The nearly
lowest portion 136 of the upper region 131 is arranged
between the introduction of lines 36 and 37 at the bottom
and line 63 at the top of such section 136. This section is
still relatively short, normally 7 theoretical trays or less.
[0033] Figure 2 shows a slight deviation from Figure
1A, nearly all reference being the same as in Figure 1A.
The deviation concerns the medium-pressure column
104 only, where top condenser and bottom reboiler are
forced-flow evaporators respectively. Outside the med-
ium-pressure column 104, the only difference is that the
return stream 236 from the top condenser 105 into the
low-pressure column 102 is a single two-phase stream
instead of separate gas and liquid streams.
[0034] In the embodiment of Figure 3, turbine 21 does
not expand into the high-pressure column, but the work-
expanded air 322 is introduced into the low-pressure
column at intermediate height, preferably one section
above the single tray 135. Additionally, the splitting of
the total feedair 7 is different fromFigure 1A. In particular,
the turbineair 20 is further compressed just in the turbine-
booster 17, resulting in a particular lower inlet pressure
level at turbine21. The referencenumbersare taken from
Figure 1A, the variation can also be applied to Figures 1B
and 2.

Claims

1. Process for cryogenic air separation using an air
separation plant having a high-pressure column
(101) being operated at a first pressure, a med-
ium-pressure column (104) being operated at a sec-
ond pressure being lower than the first pressure, a
low-pressure column (102) being operated at a third
pressure being lower than the second pressure and
a crude argon column (107),

- compressed air (8, 12, 19) being cooled in a
main heat exchanger (9),
- cooled air (11) from the main heat exchanger
(9) being introduced into the high-pressure col-
umn (101),
- a first oxygen-enriched fraction (33, 34) from
thehigh-pressurecolumn (101)beingsent to the
medium-pressure column (104),
- a first portionofanargon-enriched fraction from
the low-pressure column being introduced into
the crude argon column (107) as rising vapor,
- a second portion (41) of the argon-enriched
fraction being introduced as heating medium
into a bottom evaporator (106) of the medium-
pressure column (104),
- a nitrogen top gas (50) being produced in the

medium-pressure column,
- at least a first portion (53) of the nitrogen top
gas (50) being introduced into a top condenser
(105) of themedium-pressure column (104) and
liquefied there in indirect heat exchange with a
coolingmedium (35) to produce a liquid nitrogen
fraction (54),
- a liquid impure nitrogen fraction (27) being
withdrawn from an intermediate height of the
medium-pressure column (52) and
- the liquid impure nitrogen fraction (52) being
introduced into the low-pressure column (102),
characterized in that
- the liquid impure nitrogen fraction (52) with-
drawn from the medium-pressure column (104)
is introduced at the top of the low-pressure
column (102),
- a second portion (51) of the nitrogen top gas
(50) of the medium-pressure column (104) is
withdrawn in gaseous form, warmed in themain
heat exchanger (9) und withdrawn as medium-
pressure gaseous nitrogen product (MPGAN)
and
- no part of the liquid nitrogen fraction (54) pro-
duced in the top condenser (105) of themedium-
pressure column (104) is introduced into the
low-pressure column (102).

2. Process according to claim 1, whereby a second
oxygen-enriched fraction iswithdrawn from themed-
ium-pressure column (102) and introduced into the
topcondenser (105)of themedium-pressure column
(102) as cooling medium (35), where it is at least
partially evaporated to produce an oxygen-enriched
gas (36).

3. Process according to claim 2, whereby the oxygen
enriched gas (36) is introduced into the low pressure
column (102), in particular at least one practical
separation stage above the argon condenser (108).

4. Process according to any one of the proceedings
claims, whereby

- the low-pressure column (102), the crude ar-
gon column (107) and a condenser-evaporator
operated as top condenser (109) of the crude
argon column (107) are arranged in a common
vessel (111),
- the low-pressure column (102) comprises an
upper mass exchange region (131), an inter-
mediatemass exchange region (110) and a low-
er mass exchange region (133),
- the top condenser (108) of the crude argon
column (107 is arranged below the upper mass
exchange region (131) of the low-pressure col-
umn,
- the intermediate mass exchange region and a
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mass exchange region of the crude argon col-
umn (107) are commonly arranged below the
top condenser (108) of the crude argon column
in a section of the common vessel (111), which is
configured as a divided wall section having a
vertical internal wall (109) and
- the lower mass exchange section (133) is ar-
ranged below the divided wall section.

5. Process according to claim 4, whereby the divided
wall section comprises a cylindrical wall separating
the intermediate mass exchange region (110) and
the mass exchange region of the crude argon col-
umn (107) as the vertical wall.

6. Process according to any one of the proceedings
claims, whereby at least one of the top condenser
and the bottom evaporator is a bath evaporator.

7. Process according to any one of the proceedings
claims, whereby at least one of the top condenser
and the bottom evaporator is a forced-flow evapora-
tor.

8. Process according to any one of the proceedings
claims, whereby the process has a single cryogenic
expansion turbine being an air turbine (21) for work-
expansion of gas.

9. Processaccording to claim8,whereby theexpanded
air from the air turbine is introduced (15) either into
the high-pressure column (101) or into the low-pres-
sure column (102).

10. Air separation plant having a high-pressure column
(101) configured to be operated at a first pressure, a
medium-pressure column (104) configured to be
operated at a second pressure being lower than
the first pressure, a low-pressure column (102) con-
figured to be operated at a third pressure being lower
than the second pressure and a crude argon column
(107),
the plant being further configured for

- compressed air (8, 12, 19) being cooled in a
main heat exchanger (9),
- cooled air (11) from the main heat exchanger
being introduced into the high-pressure column
(101),
- a first oxygen-enriched fraction (33, 34) from
thehigh-pressurecolumn (101)beingsent to the
medium-pressure column (104),
- a first portionofanargon-enriched fraction from
the low-pressure column being introduced into
the crude argon column (107) as rising vapor,
- a second portion (41) of the argon-enriched
fraction being introduced as heating medium
into a bottom evaporator (106) of the medium-

pressure column (104),
- a nitrogen top gas (50) being produced in the
medium-pressure column,
- at least a first portion (53) of the nitrogen top
gas (50) being introduced into a top condenser
(105) of themedium-pressure column (104) and
liquefied there in indirect heat exchange with a
coolingmedium (35) to produce a liquid nitrogen
fraction (54),
- a liquid impure nitrogen fraction (27) being
withdrawn from an intermediate height of the
medium-pressure column (52) and
- the liquid impure nitrogen fraction (52) being
introduced into the low-pressure column (102),
characterized in that it is further configured for
- the liquid impure nitrogen fraction (52) with-
drawn from the medium-pressure column (104)
being introduced at the top of the low-pressure
column (102),
- a second portion (51) of the nitrogen top gas
(50)of themedium-pressurecolumn (104)being
withdrawn in gaseous form, warmed in themain
heat exchanger (9) und withdrawn as medium-
pressure gaseous nitrogen product (MPGAN)
and
- no part of the liquid nitrogen fraction (54) pro-
duced in the top condenser (105) of themedium-
pressure column (104) being introduced into the
low-pressure column (102).
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