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Description

[0001] The presentinvention relates to a process and
an apparatus for the separation of air by cryogenic dis-
tillation. Argon is mostly produced with an air separation
process by distillation at cryogenic temperatures.
[0002] The compressed and purified air is sent to a
double column including a first column operating at a first
pressure and a second column operating at a second
pressure, the second pressure being lower than the first
pressure. Oxygen enriched liquid and nitrogen enriched
liquid are sent from the first column to the second column.
Oxygen rich fluid is removed from the bottom of the sec-
ond column and nitrogen enriched gas is removed from
the top of the second column.

[0003] An argon enriched stream, contains nitrogen
and oxygen, is removed from an intermediate point of
the second column and separated by cryogenic distilla-
tion. The stream typically contains between 5 and 15
mol% argon. Argon volatility being between those of ox-
ygen and nitrogen, for a pure argon product, two argon
columns are required to get on specification, typically less
than 1 ppm oxygen and nitrogen being required in the
argon product, whilst for a less pure argon product one
argon column is sufficient.

[0004] The first column (called crude argon column in
the remaining description) removes oxygen from argon
and nitrogen, this separation is the more difficult one due
to the close volatility of oxygen and argon. Such a column
is typically 60 meters in height. The second column
(called pure argon column) removes nitrogen from argon;
this separation, much easier, requires only a short col-
umn.

[0005] The top product of the crude argon column, free
of oxygen, is then sent to the pure argon column. The
reflux of the crude argon column flows down the column
and the bottom liquid is pumped back to the second col-
umn.

[0006] Starting-up the crude argon column and con-
verging to the required purity specification take a long
time, on average 18 hours, because of the difficulty of
separating argon and oxygen and because of the rela-
tively small argon inputin the crude argon column in com-
parison with the required total liquid argon hold-up the
packings and distributors.

[0007] During the operation, the main risk of in the
crude argon column is a high N2 ingress from the second
column. This will reduce the temperature at the top of the
crude argon column and block the top condenser thus
interrupting the flow from the second column to the crude
argon column and the crude argon column will stop.
[0008] The key points to keep in mind regarding the
crude argon column are that:

- typically the crude argon column cannot run without
the double column of the air separation unit

- the crude argon column is sensitive to upsets in the
second column
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- the crude argon column requires a long restart time

[0009] The proposed idea here is a configuration,
which allows at least part of the crude argon column to
run at a reduced load in closed loop mode while the re-
maining part of the air separation unit is either in cold
stand-by or suffering a major upset. The major advantage
is that the crude argon column is ready to produce when-
ever the cold stand-by or the upset is over.

[0010] "Cold stand-by" means that the distillation col-
umn does not function but remains at a cryogenic tem-
perature, either because the stand-by duration is so short
that the temperature does not rise above cryogenic tem-
peratures or because refrigeration is added to the col-
umn, for example by adding a cryogenic liquid to the col-
umn from an outside source.

[0011] Having an air separation unit in cold stand-by
for few hours may become the rule in the future, since
the energy supply from certain sources, such as renew-
ables, is intermittent. The proposed solution here aims
at adapting the air separation unit for such conditions,
keeping the argon part in operation and ready to use
during a stoppage of the column feeding the crude argon
column, at reasonable energy cost. According to the in-
vention, the crude argon column is kept running using a
cycle to provide reboil to the column, the cycle fluid being
an argon enriched gas from the top of the crude argon
column. This presents the advantage of using a fluid
presentin the crude argon column, rather than importing
a fluid from an external source.

[0012] According to our calculations, comparing the
cost of keeping the crude argon column running and the
costofrestarting the crude argon column, itis economical
to run the crude argon column on its own for several days,
rather than to restart it. According to the invention, there
is provided a process for the separation of air by cryo-
genic distillation in which :

i) During a first operation mode, compressed and
purified air is sent to a first distillation column oper-
ating at a first pressure, an oxygen enriched liquid
is sent from the first distillation column to a second
distillation column operating at a second pressure
lower than the first pressure, a nitrogen enriched lig-
uid is sent from the first distillation column to the sec-
ond distillation column, the first distillation column
being thermally linked with the second distillation col-
umn via a bottom reboiler of the second distillation
column, an oxygen enriched fluid is removed from
the bottom of the second distillation column, a nitro-
gen enriched gas is removed from the top of the sec-
ond distillation column, a feed stream containing be-
tween 5 and 15% mol argon is sent from the second
column to the bottom of a crude argon column and
a stream containing proportionally more argon than
the feed stream is removed from the top of the crude
argon column and

i) During a second operation mode, no air is sent
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the first distillation column, no liquids are sent from
the first to the second distillation column, no feed
stream is sent from the second distillation column to
the crude argon column and no stream containing
more argon than the feed stream is removed from
the top of the crude argon column wherein during
the second operation mode, a cycle stream is re-
moved from the top of the crude argon column, at
least part of the cycle stream is used to warm a bot-
tom reboiler of the crude argon column being thereby
condensed to form a condensed cycle stream, the
condensed cycle stream being sent to the top of the
crude argon column and the stream, if present, con-
taining proportionally more argon than the feed
stream removed from the top of the upper section
constitutes at most 20% of the flow of that stream
during the first operation mode.

[0013] According to other optional features:

- during the first operation mode, a nitrogen enriched
gas or liquid is removed from the top of the second
distillation column,

- during the first operation mode, a stream containing
proportionally more argon than the feed stream is
removed from the top of the crude argon column for
further purification or for direct use as a product
stream

- during the first operation mode, no stream is used
to warm the bottom reboiler of the crude argon col-
umn.

- inthe second operation mode, the stream containing
proportionally more argon than the feed stream re-
moved from the top of the crude argon column con-
stitutes at most 10% of the flow of that stream during
the first operation mode

- during the second operation mode at least part of
the cycle stream is compressed in a compressor hav-
ing a cryogenic inlet temperature upstream of the
reboiler.

- during the second operation mode the condensed
cycle stream is pressurized by a pump before being
sent to the top of the crude argon column.

- during the second operation mode, part of the cycle
stream is vented or used as a product.

- -during the second operation mode, part of the cycle
stream is condensed in a condenser other than the
bottom reboiler and then sent back to the crude argon
column.

- during the second operation mode, any valves on
conduits between the second column and the crude
argon column are closed.

[0014] According to another object of the invention
there is provided a process for the separation of air by

cryogenic distillation in which :

i) During a first operation mode, compressed and
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purified air is sent to a first distillation column oper-
ating at a first pressure, an oxygen enriched liquid
is sent from the first distillation column to a second
distillation column operating at a second pressure
lower than the first pressure, a nitrogen enriched lig-
uid is sent from the first distillation column to the sec-
ond distillation column, the first distillation column
being thermally linked with the second distillation col-
umn via a bottom reboiler of the second distillation
column, an oxygen enriched fluid is removed from
the bottom of the second distillation column, a nitro-
gen enriched gas is removed from the top of the sec-
ond distillation column, a feed stream containing be-
tween 5 and 15% mol argon is sent from the second
column to the bottom of a crude argon column having
a lower section and an upper section and a stream
containing proportionally more argon than the feed
stream is removed from the top of the upper section
of crude argon column and

i) During a second operation mode, no air is sent
the first distillation column, no liquids are sent from
the first to the second distillation column, no feed
stream is sent from the second distillation column to
the crude argon column in two sections and no
stream containing more argon than the feed stream
is removed from the top of upper section, the crude
argon column wherein during the second operation
mode, a cycle stream is stream is removed from the
top of the crude argon column, at least part of the
cycle stream is used to warm a bottom reboiler of
the upper or lower section of the crude argon column
being thereby condensed to form a condensed cycle
stream, the condensed cycle stream being sent to
the top of the upper section of the crude argon col-
umn. and the stream, if present, containing propor-
tionally more argon than the feed stream removed
from the top of the crude argon column constitutes
at most 20% of the flow of that stream during the first
operation mode.

[0015] According to another object of the invention
there is provided an apparatus for the separation of air
by cryogenic distillation comprising a first distillation col-
umn operating at a first pressure, a second distillation
column operating at a second pressure lower than the
first pressure, the second distillation column having a bot-
tom reboiler, a crude argon column having a top con-
denser and a bottom reboiler, a conduit for sending com-
pressed and purified air to the first distillation column op-
erating atafirst pressure, a conduit for sending an oxygen
enriched liquid from the first distillation column to the sec-
ond distillation column operating at a second pressure
lower than the first pressure, a conduit for sending a ni-
trogen enriched liquid from the first distillation column to
the second distillation column, the first distillation column
being thermally linked with the second distillation column
via the bottom reboiler of the second distillation column,
a conduit for removing an oxygen enriched fluid from the
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bottom of the second distillation column, a conduit for
removing nitrogen enriched gas from the top of the sec-
ond distillation column, a conduit for sending a feed
stream containing between 5 and 15% mol argon from
the second column to the bottom of a crude argon col-
umn, possibly a conduit for removing a stream containing
more argon than the feed stream from the top of the crude
argon column characterized in that it comprises a conduit
for sending at least part of a cycle stream to the reboiler
and a conduit for sending a condensed cycle stream from
the reboiler to the top of the crude argon column and
means for closing the conduit for sending air to the first
distillation column and/or means for closing the conduit
for sending the feed stream from the second distillation
column to the crude argon column.

[0016] The apparatus optionally comprises:

- a compressor for compressing the cycle stream
downstream of the removal from the crude argon
column and upstream of the bottom reboiler of the
crude argon column.

- apump for sending at least part of the cycle stream
in condensed form back to the crude argon column.

- aconduit from sending bottom liquid from the crude
argon column to the second distillation column, said
conduit being closable via closure means.

- means for venting at least part of the cycle stream.

[0017] Theinvention will be described in detail with ref-
erence to the figures, Figure 1 representing schematical-
ly the firstand second columns of an apparatus according
to the invention and Figures 2 to 6 representing a crude
argon column of an apparatus according to the invention.
[0018] Figure 1 shows the first and second columns of
an apparatus for the separation of air by cryogenic dis-
tillation, designed to be connected to a crude argon col-
umn according to one of Figures 2 to 6.

[0019] During a first operation mode corresponding to
normal operation of the air separation unit, air 101 is com-
pressed in a compressor C01, purified from water and
carbon dioxide in adsorbers R01, R02, cooled in heat
exchanger 103 and divided in two. One part of the com-
pressed and purified air is compressed in a cold com-
pressor V02, cooled in heat exchanger 103 and divided
in two. One part is expanded in a Claude turbine D01
and sent to the first distillation column as gaseous stream
105. The rest 107 is cooled completely in heat exchanger
103 and sent as a liquid to first column K01.

[0020] Other types of feed air treatment are of course
possible (no booster, no cold booster with a warm booster
etc).

[0021] Compressed and purified air 105 is sent to the

first distillation column K01 operating at a first pressure,
generally between 4 and 15 bars abs, and is separated
in the first distillation column to form an oxygen enriched
liquid atthe bottom of the column and a nitrogen enriched
gas at the top of the column. Oxygen enriched liquid 109
is sent from the first distillation column to a second dis-
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tillation column K02 operating at a second pressure lower
than the first pressure, generally between 1.2 and 4 bars
abs. Part 113A of the oxygen enriched liquid is sentto a
top condenser E1 of the crude argon column to be va-
porized. A nitrogen enriched liquid is sent from the first
distillation column KO1 to the second distillation column
KO02. The first distillation column K01 is thermally linked
with the second distillation column K02 via a bottom re-
boiler of the second distillation column. A feed stream 1
containing between 5 and 15% mol argon removed from
an intermediate point of the second column K02 is sent
to the bottom of a crude argon column K10, as illustrated
in any one of Figures 2 to 6.

[0022] Oxygen enriched liquid 31 from the bottom of
the crude argon column is sent back to the second col-
umn K02.

[0023] Oxygen rich liquid 27 is removed from the bot-
tom of the second column K02 and vaporized in exchang-
er 103. Nitrogen rich gas 23 from the top of the second
column K02 is also warmed in exchanger 103.

[0024] In Figure 2, column K10 operates at just above
atmospheric pressure and stream 3 is compressed to 2.3
bara. During the first operation mode, in normal opera-
tion, the feed stream 1 containing between 5 and 15%
mol argon removed from an intermediate point of the sec-
ond column K02 to the bottom of the crude argon column
K10 in which it is separated, forming an oxygen enriched
stream at the bottom of crude argon column K10 and an
argon enriched stream at the top of the crude argon col-
umn.

[0025] The crude argon column K10 has a top con-
denser E1 and a bottom reboiler E2. The bottom reboiler
E2 does not function during the first operation mode, i.e.
during normal operation. The top condenser E1 functions
during the first operation mode, i.e. during normal oper-
ation but not in the second operation mode.

[0026] The top condenser E1 condenses a top gas of
the crude argon column and sends the liquid formed back
to the column as a reflux.

[0027] The argon enriched stream at the top of the
crude argon column may be in liquid or gaseous form. It
may be removed as a final product (not shown) or it may
be sent to a pure argon column for further purification
Part of stream 3 may be produced as a product stream
or may be further purified, this stream, if present, con-
taining constituting at most 20% of the flow of that stream
during the first operation mode. Cooling for the condens-
er E1 is provided by stream 113A from the bottom of the
first distillation column K01 or another appropriate fluid.
[0028] During a second operation mode, the double
column K01, K02 of Figure 1 does not function. This may
be because of an accidental or deliberate stoppage of
the column. For example, the main air compressor C01
may break down and cause an accidental stoppage. In
the case of deliberate stoppage, when energy for the
compressor C01 is not available, the double column K01,
K02 may be closed down in a programmed way, whilst
remaining preferably at cryogenic temperature or atleast
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temperatures below zero, this situation being known as
a "cold standby". In this mode, no air is sent the first
distillation column, no liquids are sent from the first to the
second distillation column, no feed stream is sent from
the second distillation column to the crude argon column
and no stream containing more argon than the feed
stream is removed from the top of the crude argon column
as a product. Alternatively an argon enriched stream rep-
resenting at most 20% of the argon enriched stream re-
moved from the argon column K10 in the first operation
mode is removed from the argon column in liquid or gas-
eous form.

[0029] Specific means, such as valves, may be provid-
ed for closing a conduit to prevent air being sent to the
first distillation column and/or a conduit for sending the
feed stream from the second distillation column to the
crude argon column and/or a conduit for sending bottom
liquid from the crude argon column to the second distil-
lation column, during the second operation mode.
[0030] Stream 113A is not sent to the condenser E1
during the second operating mode. During shut-down of
a double column (K01, K02), the argon column (K10)
keeps functioning or is in a ready to function state, using
a cycle stream (3) to heat a bottom reboiler (E2) of the
argon column.

[0031] However, if the crude argon column remains in
a state of operation, the purities of the fluids within the
column remain stable or at least do not increase beyond
an acceptable extent. A cycle stream 3 containing more
argon than the feed stream, for example 80 to 99,5% mol
argon or even up to 99,9% argon and less than 1ppm
02, is removed from the top of the crude argon column
K10, is sent to a heat exchanger E4, compressed in a
compressor C, cooled in a cooler R using cooling water
forming a cooled stream 5, cooled in heat exchanger E4
and then used to warm a bottom reboiler E2 of the crude
argon column. The cycle stream is condensed in the bot-
tom reboiler E2 to form a condensed cycle stream, the
condensed cycle stream being sentto the top of the crude
argon column after pressurization in a pump P.

[0032] If this cycle stream were not used, the liquid
hold-up on the distributors and packings of the crude ar-
gon column would fall to the bottom of the column and
time would be required to reestablish the liquid levels and
the purity profile on restarting the crude argon column
K10.

[0033] The use of the cycle stream to provide reboil for
the crude argon column ensures that the liquid levels are
maintained within the column at least to some extent.
The use of the cycle stream to provide vapor and reflux
to the crude argon column ensures that the purity profile
is maintained along the crude argon column

[0034] Part of stream 3 may be produced as a product
stream or may be further purified, this stream, if present,
containing constituting at most 20% of the flow of that
stream during the first operation mode.

[0035] It may be necessary to provide some additional
refrigeration during the second operation mode to com-
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pensate for E4 and P loss of cold and to subcool stream
8 in order to limit the downstream flash of stream 9
[0036] The crude argon column K10 of Figure 3 differs
from that of Figure 2 in that part 3A of the cycle gas 3
warmed in heat exchanger E3 is sent to the compressor
C and part 3B is vented. Thus in the second operation
mode, the gas is warmed and then divided in two, one
part being compressed and the rest vented. In Figure 3,
there is a vent due to the fact that the cold losses and
the flash are not compensated. This specific run case of
Fig3 will last until a low level at the bottom of the K10
column is reached in the second operating mode.
[0037] In FIG 4 in both modes, column K10 operates
at just above atmospheric pressure and stream 3 is com-
pressed to 2.3 bara in compressor C so to be able to be
condensed in reboiler E2. Typically stream 3 is com-
pressed to between 0,2 and 2 bar above the pressure of
the argon column K10.

[0038] In Figure 4, the exchanger E3 is not used. In
the second operation mode, the cycle gas 3 is sent di-
rectly to the compressor C via valve V2 and then divided
into parts 13A, 13B. Stream 13A is condensed in con-
denser E5 against a liquid nitrogen stream, by opening
valve V3 using for example a PIC at the top of the column
K10. Streams 13A downstream the condenser E5 and
13B are sent to a common phase separator S and gas
from the phase separator is sent to the bottom reboiler
E2 to be condensed. The condensed stream from E2 is
sentto the separator S and the liquid 8 from the separator
is pressurized in the pump P before being sent back to
the column K10 viva valve V4 as two-phase stream 9.
The pump P is required to overcome the hydrostatic pres-
sure, column K10 being over 60m in height.

[0039] During the first operation mode, the cycle gas
is not used to reboil the crude argon column K10 and so
the compressor C and pump P do not operate, for all of
Figures 2 to 4.

[0040] Typically valve V2 control the flow 3, the column
pressure is controlled via valve V3 and the level of sep-
arator S is controlled with valve V4.

[0041] A stream of argon enriched gas or liquid is pro-
duced from the top of column K10 (not shown).

[0042] During the second operation mode, the crude
argon column K10 may be separated from the double
column KO01,K02 by closing valves on the conduit for
sending the feed gas 1 to the crude argon column K10
and on the conduit for sending the bottom liquid from the
crude argon column K10 to the second column K02.
[0043] It may be possible to operate during the second
operation mode without closing any valve on the conduit
for sending the feed gas 1 to the crude argon column
K10, thus the valve will not necessarily be present or may
have a particularly low pressure drop.

[0044] Part of stream 3 may be produced as a product
stream or may be further purified, this stream, if present,
containing constituting at most 20% of the flow of that
stream during the first operation mode.

[0045] Inthese examples,the crude argon columnK10
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is comprised of a single column section, however it will
be appreciated that the crude argon column may com-
prise two to four column sections.

[0046] Figures 5 and 6 show the example where the
crude argon column is divided in two sections K10.1 and
K10.2,K10.1 corresponding to the lower part of the crude
argon column and K10.2 the upper part.

[0047] During the first operation mode for Figures 5
and 6, argon enriched gas 1 is sent from the second
column K02 to the bottom of column K10.1, gas from the
top of columnK10.1 is sentto the bottom of column K10.2,
liquid from the bottom of column K10.2 is sent to the top
of column K10.1 and an argon rich product is removed
at the top of column K10.2, under the top condenser E1.
During the first operation mode, bottom reboiler E2 at the
bottom of column K10.1in Fig 5 and the bottom of column
K10.2 in Fig 6 does not operate. A stream of argon en-
riched gas or liquid is produced from the top of column
K10.2 (not shown).

[0048] During the second operation mode, for Figure
5, argon enriched gas 1 is not sent from the second col-
umn K02 to the bottom of column K10.1, however gas
from the top of column K10.1 is sent to the bottom of
column K10.2, liquid from the bottom of column K10.2 is
sent to the top of column K10.1. No argon rich product
is removed at the top of column K10.2, under the top
condenser E1. During the second operation mode, bot-
tom reboiler E2 at the bottom of column K10.1 in Fig 5
operates. Gas from the top of the column K10.2 is com-
pressed in compressor C condensed in reboiler E2 to
form condensed stream 7 which is pumped in pump P
and sent to the top of column K10.2. Thus both columns
K10.2 and K10.1 are in operation. During the second
operation mode, for Figure 6, argon enriched gas 1 is not
sent from the second column K02 to the bottom of column
K10.1, gas from the top of column K10.1 is not sent to
the bottom of column K10.2, liquid from the bottom of
column K10.2 is not sent to the top of column K10.1. No
argonrich product is removed at the top of column K10.2,
under the top condenser E1. During the second operation
mode, bottom reboiler E2 at the bottom of column K10.2
in Fig 6 operates. Gas 3 from the top of the column K10.2
is compressed in compressor C condensed in reboiler
E2 to form condensed stream 7 which is pumped in pump
P and sent to the top of column K10.2. Thus only column
K10.2 is in operation.

[0049] Part of stream 3 may be produced as a product
stream or may be further purified, this stream, if present,
containing constituting at most 20% of the flow of that
stream during the first operation mode.

Claims

1. Process for the separation of air by cryogenic distil-
lation in which :

i) During a first operation mode, compressed

10

15

20

25

30

35

40

45

50

55

and purified airis sent to afirst distillation column
(KO1) operating at a first pressure, an oxygen
enriched liquid (109) is sent from the first distil-
lation column to a second distillation column
(K02) operating at a second pressure lower than
the first pressure, a nitrogen enriched liquid
(115) is sent from the first distillation column to
the second distillation column, the first distilla-
tion column being thermally linked with the sec-
ond distillation column via a bottom reboiler (43)
of the second distillation column, an oxygen en-
riched fluid (27) is removed from the bottom of
the second distillation column, a nitrogen en-
riched gas (23) is removed from the top of the
second distillation column, a feed stream (1)
containing between 5 and 15% mol argon is sent
from the second column to the bottom of a crude
argon column (K10) and a stream (3) containing
proportionally more argon than the feed stream
is removed from the top of the crude argon col-
umn and

iii) During a second operation mode, no air is
sent the first distillation column, no liquids are
sent from the first to the second distillation col-
umn and no feed stream is sent from the second
distillation column to the crude argon column
wherein during the second operation mode, a
cycle stream (3) is removed from the top of the
crude argon column, at least part of the cycle
stream is used to warm a bottom reboiler (E2)
of the crude argon column being thereby con-
densed to form a condensed cycle stream (7),
the condensed cycle stream being sent to the
top of the crude argon column and the stream,
if present, containing proportionally more argon
than the feed stream removed from the top of
the crude argon column constitutes at most 20%
of the flow of that stream during the first opera-
tion mode.

Process according to Claim 1 wherein during the first
operation mode, no stream is used to warm the bot-
tom reboiler (E2) of the crude argon column.

Process according to Claim 1 or 2 wherein during
the second operation mode at least part of the cycle
stream is compressed in a compressor (C) having a
cryogenic inlet temperature upstream of the reboiler
(E2).

Process according to any preceding claim wherein
during the second operation mode the condensed
cycle stream (7) is pressurized by a pump before
being sent to the top of the crude argon column
(K10).

Process according to any preceding claim wherein
during the second operation mode, part (3B) of the
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cycle stream (3) is vented or used as a product.

Process according to any preceding claim wherein
during the second operation mode, part (13A) of the
cycle stream is condensed in a condenser (E5) other
than the bottom reboiler (E2) and then sent back to
the crude argon column.

Process according to any preceding claim wherein
during the second operation mode, any valves on
(V1) conduits between the second column (K02) and
the crude argon column (K10) are closed.

Process for the separation of air by cryogenic distil-
lation in which :

i) During a first operation mode, compressed
and purified air (105, 107) is sent to a first dis-
tillation column (K01) operating at a first pres-
sure, an oxygen enriched liquid (109) is sent
from the first distillation column to a second dis-
tillation column (K02) operating at a second
pressure lower than the first pressure, a nitrogen
enriched liquid (115) is sent from the first distil-
lation column to the second distillation column,
the first distillation column being thermally linked
with the second distillation column via a bottom
reboiler (43) of the second distillation column,
an oxygen enriched fluid (27 is removed from
the bottom of the second distillation column, a
nitrogen enriched gas (23) is removed from the
top of the second distillation column, a feed
stream (1) containing between 5 and 15% mol
argon is sent from the second column to the bot-
tom of a crude argon column (K10) having a low-
er section (K10.1) and an upper section (K10.2)
and a stream (3) containing proportionally more
argon than the feed stream is removed from the
top of the upper section of crude argon column
and

iii) During a second operation mode, no air is
sent the first distillation column, no liquids are
sent from the first to the second distillation col-
umn, no feed stream is sent from the second
distillation column to the crude argon column in
two sections and no stream containing more ar-
gon than the feed stream is removed from the
top of upper section, the crude argon column
wherein during the second operation mode, a
cycle stream (3) is removed from the top of the
crude argon column, at least part of the cycle
stream is used to warm a bottom reboiler (E2)
of the upper or lower section of the crude argon
column being thereby condensed to form a con-
densed cycle stream (7), the condensed cycle
stream being sent to the top of the upper section
of the crude argon column and the stream, if
present, containing proportionally more argon
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10.

1.

12.

than the feed stream removed from the top of
the upper section constitutes at most 20% of the
flow of that stream during the first operation
mode.

Apparatus for the separation of air by cryogenic dis-
tillation comprising a first distillation column (K01)
operating at a first pressure, a second distillation col-
umn (K02) operating ata second pressure lower than
the first pressure, the second distillation column hav-
ing a bottom reboiler (43), a crude argon column
(K10) having a top condenser (E1) and a bottom re-
boiler (E2), a conduit for sending compressed and
purified air (105, 107) to the first distillation column
operating at a first pressure, a conduit for sending
an oxygen enriched liquid (109) from the first distil-
lation column to the second distillation column oper-
ating at a second pressure lower than the first pres-
sure, a conduit for sending a nitrogen enriched liquid
(115) from the first distillation column to the second
distillation column, the first distillation column being
thermally linked with the second distillation column
via the bottom reboiler (43) of the second distillation
column, a conduit for removing an oxygen enriched
fluid (27) from the bottom of the second distillation
column, a conduit for removing nitrogen enriched
gas (23) from the top of the second distillation col-
umn, a conduit for sending a feed stream (1) con-
taining between 5 and 15% mol argon from the sec-
ond column to the bottom of a crude argon column,
possibly a conduit for removing a stream containing
more argon than the feed stream from the top of the
crude argon column characterized in that it com-
prises a conduit for sending at least part of a cycle
stream to the reboiler and a conduit for sending a
condensed cycle stream from the reboiler to the top
of the crude argon column and means for closing the
conduit for sending air to the first distillation column
and/or means for closing the conduit for sending the
feed stream from the second distillation column to
the crude argon column.

Apparatus according to Claim 9 comprising a com-
pressor (C) for compressing the cycle stream (3)
downstream of the removal from the crude argon
column (K10) and upstream of the bottom reboiler
(E2) of the crude argon column.

Apparatus according to Claim 9 or 10 comprising a
pump for sending at least part of the cycle stream
(7) in condensed form back to the crude argon col-
umn (K10).

Apparatus according to Claim 9, 10 or 11 comprising
a conduit from sending bottom liquid from the crude
argon column (K10) to the second distillation column
(K10), said conduit being closable via closure
means.
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13. Apparatus according to any of Claims 9 to 12 includ-
ing means for venting at least part (3B) of the cycle
stream.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-8

A process for the separation of air by cryogenic
distillation in which

i) During a first operation mode, compressed and purified
air is sent to a first distillation column operating at a
first pressure, an oxygen enriched liquid is sent from the
first distillation column to a second distillation column
operating at a second pressure lower than the first
pressure, a nitrogen enriched liquid is sent from the first
distillation column to the second distillation column, the
first distillation column being thermally linked with the
second distillation column via a bottom reboiler of the
second distillation column, an oxygen enriched fluid is
removed from the bottom of the second distillation column, a
nitrogen enriched gas is removed from the top of the second
distillation column, a feed stream containing between 5 and
15% mol argon is sent from the second column to the bottom
of a crude argon column and a stream containing
proportionally more argon than the feed stream is removed
from the top of the crude argon column and

ii) During a second operation mode, no air is sent the first
distillation column, no liquids are sent from the first to
the second distillation column and no feed stream is sent
from the second distillation column to the crude argon
column wherein during the second operation mode, a cycle
stream is removed from the top of the crude argon column, at
least part of the cycle stream is used to warm a bottom
reboiler of the crude argon column being thereby condensed
to form a condensed cycle stream, the condensed cycle stream
being sent to the top of the crude argon column.

2. claims: 9-13

An apparatus for the separation of air by cryogenic
distillation comprising

— a first distillation column operating at a first pressure,
— a second distillation column operating at a second
pressure lower than the first pressure, the second
distillation column having a bottom reboiler,

— a conduit for sending compressed and purified air to the
first distillation column,

— a conduit for sending an oxygen enriched liquid from the
first distillation column to the second distillation column,
— a conduit for sending a nitrogen enriched liquid from the
first distillation column to the second distillation column,
— the first distillation column being thermally linked with
the second distillation column via the bottom reboiler of
the second distillation column,

- a conduit for removing an oxygen enriched fluid from the

page 1 of 2
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

bottom of the second distillation column,

— a conduit

of the second distillation column,
— a crude argon column having a top condenser and a bottom

reboiler,

— a conduit
and 15% mol
crude argon
— a conduit

the reboiler and

— a conduit
reboiler to
and further
sending air
for closing

second distillation column to the crude argon column.

for removing nitrogen enriched gas from the top

for sending a feed stream containing between 5

argon from the second column to the bottom of a
column,

for sending at least part of a cycle stream to

for sending a condensed cycle stream from the
the top of the crude argon column

comprising means for closing the conduit for

to the first distillation column and/or means
the conduit for sending the feed stream from the
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