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(67)  The process for producing an argon-enriched
fraction by cryogenic air separation comprises

- introducing feed air into a distillation system for oxy-
gen-nitrogen separation comprising a low-pressure col-
umn,

- withdrawing an argon-containing fraction from the
low-pressure column and introducing itinto a crude argon
column having a crude argon top condenser being indi-
rectly cooled by a cryogenic working fluid,

- withdrawing an argon-enriched fraction from an upper
section of the crude argon column,

- measuring the oxygen content in the argon-containing
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PROCESS AND APPARATUS FOR PRODUCING ARGON BY CRYOGENIC AIR SEPARATION

fraction,
characterized in that
- measuring the nitrogen content in the argon-containing
fraction,
- predicting the nitrogen content in the crude argon con-
denseron the basis of the measured nitrogen contentand
- controlling the operation of the crude argon column de-
pending on such corrected estimated argon concentra-
tion depending on such predicted nitrogen content in the
crude argon condenser.

A respective apparatus is claimed as well.

Processed by Luminess, 75001 PARIS (FR)
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Description

[0001] This invention regards to a process for control-
ling a process for producing argon by air separation and
a respective apparatus according to the introductory
parts of the independent claims.

[0002] The "distillation system for oxygen-nitrogen
separation” of the invention can be a classical Linde dou-
ble column. Other systems, e.g. with two or more columns
side by side or three- or more-column system may be
used.

[0003] Cryogenic air separation plant have nitrogen
and/or oxygen as their main product. If the plant is large
enough, frequently argon is produced as an additional
product. A usual configuration of such a plant having a
double column as "distillation system for oxygen-nitrogen
separation" and a crude argon columnis shown in Haring,
Industrial Gas Processes, 2008, Figure 2.3A on page 22.
For a high argon yield, the crude argon columns has to
be controlled. For that purpose, it is known to measure
the oxygen content in the argon-containing fraction feed-
ing the crude argon column, in particular by a standard
oxygen analyser.

[0004] It is the object of the invention to improve the
argon yield of such a system. that is done by the features
of the second part of claim 1.

[0005] The invention does not use the classical means
of influencing the product yield of a distillation product,
i.e. changing the number of theoretical trays or the type
of mass exchange element, or stationarily change reflux
or the like. During the invention it has been surprisingly
found that the classical control leads to instabilities and
that those instabilities can be considerably reduced by a
nitrogen measurement, such feature indirectly improving
argon yield.

[0006] As the argon-containing fraction (also called ar-
gon transition fraction) does not contain so much nitro-
gen, so that the use of nitrogen content for control is not
natural. A typical composition of such fraction is 90 mol-
% argon, 10 mol-% oxygen and 150 mol-ppm nitrogen.
On the other side, even fast nitrogen analysers make
measurementin afrequency of some minutes. They were
not to be expected to able to help in the control with much
shorter response time.

[0007] Nevertheless,inthe invention,itwas shownthat
using the nitrogen values for correcting the known oxy-
gen-based control gives a considerable improvement in
argon yield. The benefit on argon recovery can be up to
1 % and, depending on product state (liquid or gaseous),
ASU configuration is based on exploiting of design mar-
gins. The surplus in recovery can be produced by instal-
lation of a control concept based on the nitrogen meas-
urement in the vapor feed to the crude argon column.
The advantage of the nitrogen control concept over ex-
isting concepts is that the source of an inert gas poten-
tially blocking the crude argon condenser is monitored
at the inlet to the system. Whereas the existing meas-
urements with the same purpose are located further up-
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stream in the low pressure column or downstream the
crude argon condenser. These measurements are indi-
rect, have delay times and can have other reasons for
value change. In contrast, the invention provides a direct
measurement having nearly no delay.

[0008] Preferably, a gas chromatograph is used for
measuring the nitrogen content, in particular a fast gas
chromatograph. An average gas chromatograph delivers
the measurement result after a delay time of 10 s. A fast
gas chromatograph would be one with typically 30 s delay
time.

[0009] According to a further aspect of the invention,
the control action(s) is/are performed depending on the
predicted nitrogen contentin the crude argon condenser.
Preferably, nitrogen and oxygen concentration are direct-
ly measured in the argon-containing fraction, predicted
in the condenser and the argon concentration is comput-
ed from those values. The control action(s) may be one
or more of the following.

- Correction of the setpoint of the controller for the
oxygen content in the argon-containing fraction.

- Initiation of a blow off of crude argon from the top of
the crude argon column, from the crude argon top
condenser or from the crude argon product line to
avoid instability in the crude argon top condenser.

- Adaptation of the crude argon condenser duty to op-
timize the recovery, such adaption preferably done
by controlling the feed to the crude argon column.

[0010] As another aspect of the invention, alternatively
or additionally the control may trigger one or more of the
following measures in case of a high value of the nitrogen
content measured in the argon-containing fraction.

- Reducing the pressurized gaseous nitrogen with-
drawal from the high-pressure column, where the
distillation system for oxygen-nitrogen separation
additionally comprises a high-pressure column be-
ing in heat-exchange relationship with the low-pres-
sure column and a pressurized gaseous nitrogen
stream is withdrawn from the upper section of the
high-pressure column and recovered as a pressu-
rized gaseous nitrogen product.

- Reducing the oxygen product withdrawal from the
low-pressure column, where an oxygen product is
withdrawn from the lower section of the low-pressure
column in gaseous and/or in liquid form, whereby
the control comprises reducing the oxygen product
withdrawal from the lower section of the low-pres-
sure column.

- Reducing the recycle stream, where a working fluid
of the air separation is used as recycle stream, the
recycle stream being warmed, compressed, cooled
and turbine-expanded.

- Reducing the turbine stream, where a working fluid
of the air separation is used as turbine stream, the
turbine stream being turbine-expanded.
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- Increasing the amount of feed air into the distillation
system for oxygen-nitrogen separation.

[0011] A "high value of the nitrogen content measured
in the argon-containing fraction" means a value above a
predefined threshold value. The threshold value may be
the same for all above controlled parameters or different
for at least two of them or for all. Those threshold values
may be constant for an operational condition, vary with
operating condition or depend on other parameters. In
particular the nitrogen concentration threshold value may
additionally depend on the load of the crude argon col-
umn, i.e. on the amount of argon-containing fraction with-
drawn from the low-pressure column and introduced to
the crude argon column; in case of reduced load, the
nitrogen content in the crude argon condenser is allowed
to be higher.

[0012] The "turbine stream" may or may not be identi-
cal to the "recycle stream". If it is not a recycle turbine,
the turbine-expander may be an air turbine expanding
into the high-pressure column or into the low-pressure
column, or a nitrogen turbine expanding gaseous nitro-
gen from the high-pressure column or from the low-pres-
sure column.

[0013] In the invention, the crude argon column may
be used for recovering a final or intermediate product by
withdrawing the argon-enriched fraction from the crude
argon column as a crude argon product. Such crude ar-
gon product can be directly used or further purified in a
pure argon column. Alternatively, the crude argon column
may be used as argon rejection column for removing ar-
gon from process without using it as a final product. In
this case, the argon-enriched fraction is either directly
rejected or warmed in the main heat exchanger before,
perhaps after being mixed with another waste gas.
[0014] Inthe process of the attached drawing of Figure
1, atmospheric air is sucked in via a filter 2 by an air
compressor 3 and compressed therein to an absolute
pressure of 5.0 to 7.0 bar, preferably about 5.5 bar and
is then cooled in a direct contact cooler 4 in direct heat
exchange with cooling water 5, 6, which comes on the
one hand (5) from an evaporative cooler 7, on the other
hand (6) is supplied from an external source. The com-
pressed and cooled air 8 is purified in a purifying device
9, which has a pair of vessels filled with adsorption ma-
terial, preferably molecular sieve. The purified air 10 is
cooled in a main heat exchanger system 11a, 11b, 11c
to about its dew point. The cold air 12 is introduced into
the high-pressure column 13 of a distillation system for
nitrogen-oxygen separation, which also has a low-pres-
sure column 14. High-pressure column 13 and low-pres-
sure column 14 are designed as classic Linde double
columns and are connected via a main condenser 15 in
heat-exchanging relationship. The operating pressures
- each at the top - are 4.5 t0 6.5 bar, preferably about 5.0
bar in the high-pressure column and 1.2 to 1.7 bar, pref-
erably about 1.3 bar in the low-pressure column.
[0015] Liquidcrude oxygen 16 is removed from the bot-
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tom of the high-pressure column 13, cooled in a subcool-
er 17 and further cooled to a part 19 in a bottom evapo-
rator 21 of the pure argon column 20. Another part 22
can be bypassed around the bottom evaporator 21. Sub-
sequently, a part 23 flows into the evaporation chamber
of a top condenser 24 of a raw argon column 25, another
part into the evaporation chamber of a top condenser 27
of the pure argon column 20. The crude oxygen 28, 29
evaporated in the top condensers 24, 27 is supplied via
line 30 to the low-pressure column 14 at a first interme-
diate point. The fraction 31 remaining in liquid form from
the top condenser 24 of the crude argon column 25 is
also led to the first intermediate point of the low-pressure
column 14. The portion 32 remaining in liquid form from
the top condenser 27 of the pure argon column 20 is fed
at a second intermediate point of the low-pressure col-
umn 14, which lies above the first intermediate point.
[0016] Gaseous nitrogen 33 from the head of the high-
pressure column 13 is fed to a first part 34 to the cold
end of the main heat exchanger 11a, heated there to
about ambient temperature and then divided into a pres-
sure product flow 36 (GAN |) and a recycle stream 37.
The recycle stream 37 is compressed in a recycle com-
pressor 38 with aftercooler 39 to a pressure of 25 to 60
bar, preferably about 35 bar and cooled in the main heat
exchanger 11a. Part 40 of the high-pressure nitrogen is
removed from the main heat exchanger at an intermedi-
ate temperature and expanded in an expansion turbine
41 to about high-pressure column pressure. The expand-
ed recycle stream 42 is again added to the cold pressure
product flow 34. Any liquid present is separated before-
hand (43) and sent to the top of the low-pressure column
14 via line 44. Another part 61 of the high-pressure ni-
trogen is guided to the cold end of the main heat exchang-
er 11a and then sent to the high-pressure column 13.
[0017] The remaining gaseous head nitrogen 45 of the
high-pressure column 13 is at least partially condensed
in the main condenser 15. The resulting liquid nitrogen
46 is fed in part 47 to the high-pressure column 13 as a
reflux liquid. Another part 48, 49 is directed after subcool-
ing in the subcooler 17 to the top of the low-pressure
column 14. There, part 50 can be removed as a liquid
nitrogen product (LIN).

[0018] Immediately above the bottom of the low-pres-
sure column 14, gaseous oxygen 51 is taken, warmed in
the main heat exchanger 11a and withdrawn via pipe 52
as a pressureless gaseous product (GOX Ill). A liquid
oxygen stream 53 from the bottom of the low-pressure
column 14 is subcooled in the subcooler 17 and fed via
line 54 to a liquid tank (LOX). At least part of the liquid
oxygen is removed from the tank via line 55, pressurized
in a pump 56 to the required product pressure, for exam-
ple 6 to 60 bar, preferably about 31 bar, and evaporated
in the main heat exchanger 11a against high-pressure
nitrogen (or pseudo-evaporated, if at supercritical pres-
sure) and heated to ambient temperature and finally with-
drawn via line 57 as a gaseous high-pressure product
(GOX 1). A part 58 of the high-pressure liquid is relaxed
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via a throttle valve 59 to an intermediate pressure of, for
example, 6 to 25 bar, preferably about 15 bar and evap-
orated under this lower pressure and withdrawn via line
60 as a gaseous medium pressure product (GOX ).
[0019] Gaseous nitrogen 62, 63, 64 from the top of the
low-pressure column 14 and gaseous impurity nitrogen
65, 66, 67 from an intermediate point of the low-pressure
column 14 are each warmed in the subcooler 17, heated
in the main heat exchanger blocks 11c or 11b and via
line 68 - optionally after heating 69 - used as a regener-
ating gas for the cleaning device 9, supplied via line 70
to the evaporative cooler 70 and/or via line 71 directly
into the purifying device 9, supplied via line 70 to the
evaporative cooler 70 and/or blown off via line 71 directly
into the atmosphere.

[0020] At a third intermediate point, which is arranged
below the first intermediate point, an argon-containing
fraction 72 is taken from the low-pressure column 14 and
fed to the crude argon column 25 directly above the bot-
tom. (In this embodiment, the crude argon column 25 is
placed in a single vessel; alternatively it could be split
into two or more vessels arranged side by side.) Bottom
liquid 73 of the crude argon column is fed back into the
low-pressure column via pump 74 and line 75.

[0021] The top condenser 24 of the crude argon col-
umn 25 is designed as a reflux condenser. (Alternatively,
it could be designed as conventional condenser, gas and
liquid flow being in the same direction.) Gas from the top
of the crude argon column 25 flows into the return pas-
sages at the bottom and is partially condensed there.
The condensate generated in this way flows downwards
in counterflow to the rising gas in the return passages
and is used as a liquid return in the crude carnation col-
umn 25. On the evaporation side, the top condenser 24
is designed as a bath condenser. The cooling fluid, which
is formed here by liquid crude oxygen 23, flows into the
evaporation passages at the bottom via one or more lat-
eral openings and is partially evaporated there. Due to
the thermosiphon effect, liquid is carried away, exits to-
gether with the evaporated portion at the upper end of
the evaporation passages and is returned to the liquid
bath. The top condenser is therefore designed on the
evaporation side as a bath evaporator. (Alternatively, it
could be a once-through evaporator.)

[0022] From the upper end of the reflux passages, a
gaseous crude argon stream 76 is taken as the argon-
enriched fraction via a lateral header and fed to the pure
argon column 20 at an intermediate point. In the embod-
iment, the top condenser of the pure argon column 20 is
conventionally designed on the liquefaction side, that is,
the top gas 77 of the pure argon column 20 flows from
top to bottom through the liquefaction passages. (Alter-
natively, the top condenser 27 of the pure argon column
20 and/or the main condenser 15 could also be formed
as reflux condensers.) A residual gas stream 78 is ex-
tracted from the head condenser 27 and blown off into
the atmosphere in the example. Alternatively, it can be
returned via its own blower into the distillation column

10

15

20

25

30

35

40

45

50

55

system for nitrogen-oxygen separation or in front of the
air compressor 3.

[0023] The bottom liquid 79 of the pure argon column
20 is evaporated to a part 80 in the bottom evaporator
21 and the vapor 81 generated is used as an ascending
gas in the pure argon column 20. The remainder is taken
as a liquid pure argon product stream 82.

[0024] According to the invention, a nitrogen analyzer
100 measuring the nitrogen content is arranged in line
72 carrying the argon-containing fraction from the low-
pressure column 14 to the crude argon column 25. The
analyzer 100 (or a separate oxygen analyzer) may addi-
tionally measure the oxygen content in the argon-con-
taining fraction 72. The measurement data are sent via
data connection 101 to a computer 110, which predicts
the nitrogen content in the crude argon condenser on the
basis of the measured nitrogen content and optionally
the argon content there. A further data line controls at
least one control device depending on the predicted ni-
trogen content.

Claims

1. Process for producing an argon-enriched fraction by
cryogenic air separation comprising

- introducing feed air into a distillation system
for oxygen-nitrogen separation comprising a
low-pressure column,

- withdrawing an argon-containing fraction from
the low-pressure column and introducing it into
a crude argon column having a crude argon top
condenser being indirectly cooled by a cryogen-
ic working fluid,

- withdrawing an argon-enriched fraction from
an upper section of the crude argon column,

- measuring the oxygen content in the argon-
containing fraction,

characterized in

- measuring the nitrogen content in the argon-
containing fraction,

- predicting the nitrogen content in the crude ar-
gon condenser on the basis of the measured
nitrogen content and

- controlling the operation of the crude argon col-
umn depending on such predicted nitrogen con-
tent in the crude argon condenser.

2. Process according to claim 1, using a gas chroma-
tograph for measuring the nitrogen content, in par-
ticular a fast gas chromatograph.

3. Process according to claim 1 or 2, that one or more
of the following control actions are performed de-
pending on the predicted nitrogen content in the
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crude argon condenser:

- correct of the setpoint of the controller for the
oxygen content in the argon-containing fraction,
- initiate a blow off of crude argon from the top
of the crude argon column, from the crude argon
top condenser and/or from the crude argon prod-
uct line to avoid instability in the crude argon top
condenser,

- adapt the crude argon condenser duty to opti-
mize the recovery, in particular by controlling the
flow of argon-containing fraction from the low-
pressure column to the crude argon column.

Process according to one of claims 1 to 3, the distil-
lation system for oxygen-nitrogen separation addi-
tionally comprising a high-pressure column being in
heat-exchange relationship with the low-pressure
column, whereby a pressurized gaseous nitrogen
stream is withdrawn from the upper section of the
high-pressure column and recovered as a pressu-
rized gaseous nitrogen product, and the control com-
prises reducing the pressurized gaseous nitrogen
withdrawal in case of a high value of the nitrogen
content measured in the argon-containing fraction.

Process according to one of claims 1 to 4, an oxygen
product being withdrawn from the lower section of
the low-pressure column, whereby the control com-
prises reducing the oxygen product withdrawal from
the lower section of the low-pressure column in case
of a high value of the nitrogen content measured in
the argon-containing fraction.

Process according to one of claims 1 to 5, where a
working fluid of the air separation is used as recycle
stream, the recycle stream being warmed, com-
pressed, cooled and turbine-expanded, in case of a
high value of the nitrogen content measured in the
argon-containing fraction.

Process according to one of claims 1 to 6, where a
working fluid of the air separation is used as turbine
stream, the turbine stream being turbine-expanded,
whereby the turbine stream is reduced in case of a
high value of the nitrogen content measured in the
argon-containing fraction.

Process according to one of claims 1 to 7, whereby
the amount of feed air into the distillation system for
oxygen-nitrogen separation is increased in case of
a high value of the nitrogen content measured in the
argon-containing fraction.

Process according to any of the preceding claims,
whereby the argon-enriched fraction is withdrawn
from the crude argon column as a crude argon prod-
uct.
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10. Apparatus for producing an argon-enriched fraction

by cryogenic air separation comprising

- an air feed line for introducing feed air into a
distillation system for oxygen-nitrogen separa-
tion comprising a low-pressure column,

- an argon transition line for withdrawing an ar-
gon-containing fraction from the low-pressure
column and introducing itinto a crude argon col-
umn having a crude argon top condenser being
indirectly cooled by a cryogenic working fluid,

- a crude argon product line for withdrawing an
argon-enriched fraction from an upper section
of the crude argon column,

- an oxygen analyzer for measuring the oxygen
content in the argon-containing fraction,

being characterized by

- a nitrogen analyzer measuring the nitrogen
content in the argon-containing fraction,

- computing means for predicting the nitrogen
contentin the crude argon condenser on the ba-
sis of the measured nitrogen content and

- control means for controlling the operation of
the crude argon column depending on such pre-
dicted nitrogen content in the crude argon con-
denser.
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