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(57) Inaprocess for the separation of air by cryogenic
distillation, purified airis cooled in a heat exchanger (400)
and sent to a first column (100) of a column system op-
erating at between 9 and 17 bars abs, oxygen rich liquid
(30) is removed from the bottom of the second column,
pressurized, vaporized in the heat exchanger and re-
moved as a pressurized gaseous oxygen product (51),
nitrogen rich fluid (42, 60) is removed from at least one
column of the column system, warmed in the heat ex-
changerandremoved as agaseous nitrogen product (50,
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Process and apparatus for the separation of air by cryogenic distillation

52), the ratio between the gaseous nitrogen product and
the pressurized gaseous oxygen product being greater
than 3.6, oxygen rich liquid (26) is removed from the bot-
tom of the second column, expanded and vaporized in a
top condenser (73) of the second column to produce a
waste stream (25, 53),nitrogen rich gas from the top of
the second column is condensed in the top condenser
and sent back to the second column and nitrogen rich
gas from the top of the first column is condensed in a
bottom vaporizer (70) of the second column and sent
back at least in part to the first column.
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Description

[0001] The presentinvention relates to a process and
apparatus for the separation of air by cryogenic distilla-
tion.

[0002] An Integrated Gasified Combined Cycle is usu-
ally selected to generate clean energy from coal. This
clean energy production technique is especially suited
for new coal-based power generation projects specified
to operate efficiently and with minimal pollution to the
environment.

[0003] To gasify the coal for the IGCC, impure high
pressure oxygenis used. In addition, nitrogenis generally
required in a relatively pure state at quite high pressure
in the combustion of the synthesis gas in the gas turbine
to dilute the synthesis gas or hydrogen produced during
the gasification process, so as to reduce the nitrous ox-
ides (NOx) emission levels.

[0004] ToproduceoxygenforanlIGCC plant, three well
known techniques used in the context are:

- producing the oxygen in an independent ASU (air
separation unit).

- taking air for the ASU from the gas turbine compres-
sor.

- taking part of the air for the ASU from the gas turbine
compressor and using a dedicated compressor to
produce the rest.

[0005] The types of gasification or gas turbine would
dictate the required quantity of nitrogen to be used in the
IGCC complex. It can be seen from this characteristic
that the air separation unit (ASU) for the IGCC is a com-
bination of an oxygen plant and a nitrogen generator
plant.

[0006] The air separation process frequently used for
this type of application is the elevated pressure process.
Although air separation units operating with this concept
have good energy efficiency and reduced power con-
sumption, it is not always possible to use this sort of ASU
because the nitrogen/oxygen ratio is generally fixed at a
value close to that found for air, ie close to 3.6. If the
required ratio is higher than this value, for example about
5, then an elevated pressure plant would be required to
use an excess air to generate the needed quantity of
nitrogen and by doing so it will generate wastefully an
excess of oxygen under pressure, which reduces the ef-
ficiency of the process. It can be seen that a different
process cycle needs to be used in this situation to satisfy
the requirement of nitrogen/oxygen ratio and at the same
time yielding good cycle efficiency.

[0007] An object of the present invention is to provide
an air separation unit with reduced energy consumption
but which is capable of producing nitrogen and oxygen
with a nitrogen/oxygen ratio of greater than 3.6, prefer-
ably greater than 4.

[0008] FR-A-2930328 describes an air separation
process in which liquid oxygen is vaporized in the top
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condenser of a low pressure column, which is heated
using a double reboiler system.

[0009] According to an object of the invention, there is
provided a process for the separation of air by cryogenic
distillation wherein:

i) purified air is cooled in a heat exchanger and sent
to a first column of a column system operating at
between 9 and 17 bars abs,

ii) nitrogen enriched liquid from the first column is
sent to a second column operating at a lower pres-
sure than the first column,

iii) oxygen enriched liquid from the first column or a
liquid derived therefrom is sent to the second col-
umn,

iv) oxygen rich liquid is removed from the bottom of
the second column, pressurized, vaporized in the
heat exchanger and removed as a pressurized gas-
eous oxygen product,

v) nitrogen rich fluid is removed from at least one
column of the column system, warmed in the heat
exchangerandremoved as a gaseous nitrogen prod-
uct, the ratio between the gaseous nitrogen product
and the pressurized gaseous oxygen product being
greater than 3.6, preferably greater than 4,

vi) oxygen rich liquid is removed from the bottom of
the second column, expanded and vaporized in a
top condenser of the second column to produce a
waste stream and

vii) nitrogen rich gas from the top of the second col-
umn is condensed in the top condenser and sent
back to the second column and

viii) nitrogen rich gas from the top of the first column
is condensed in a bottom condenser of the second
column and sent back at least in part to the first col-
umn.

[0010] According to further optional features:

- atleast part of the feed air is cooled in the heat ex-
changer, removed from an intermediate point of the
heat exchanger, compressed in a cold compressor,
sent back to the heat exchanger, liquefied outside
any column of the column system and sent to a col-
umn of the column system.

- the vaporization pressure of the oxygen rich liquid in
the heat exchanger is greater than 30 bars abs.

- the vaporization pressure of the oxygen rich liquid in
the heat exchanger is greater than 50 bars abs.

- the second column contains only a single vaporizer
in the lower part of the column.

- all the oxygen rich liquid removed at the bottom of
the second columnis sent either to the top condenser
or to the heat exchanger.

- theratio between the gaseous nitrogen product and
the pressurized gaseous oxygen product is greater
than 4.

- theratio between the gaseous nitrogen product and
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the pressurized gaseous oxygen product is greater
than 4.5.

[0011] According to a further object of the invention,
there is provided an apparatus for the separation of air
by cryogenic distillation comprising a column system hav-
ing a first column of a column system operating at be-
tween 9 and 17 bars abs and at least a second column
operating at a pressure lower than that of the first column,
the second column having a top condenser and a bottom
vaporizer, a heat exchanger for cooling purified air, a
conduit for sending nitrogen enriched liquid from the first
column to the second column, a conduit and possibly
separation means for sending oxygen enriched liquid
from the first column or a liquid derived therefrom to the
second column, a pump for pressurizing oxygen rich lig-
uid removed from the bottom of the second column, a
conduit for sending pressurized oxygen rich liquid to be
vaporized in the heat exchanger, a conduit for removing
vaporized pressurized oxygen rich liquid as a pressurized
gaseous oxygen product, a conduit for removing nitrogen
rich fluid from at least one column of the column system
and for sending the nitrogen rich fluid to be warmed in
the heat exchanger and removed as a gaseous nitrogen
product, the ratio between the gaseous nitrogen product
and the pressurized gaseous oxygen product being
greater than 3.6, preferably greater than 4, a conduit for
removing oxygenrich liquid from the bottom of the second
column, means for expanding the oxygen rich liquid and
a conduit for sending the expanded oxygen rich liquid to
be vaporized in the top condenser of the second column
to produce a waste stream, a conduit for sending nitrogen
rich gas condensed in the top condenser to the second
column, a conduit for sending nitrogen rich gas from the
top of the first column to be condensed in the bottom
condenser of the second column and a conduit for send-
ing the condensed nitrogen rich gas from the bottom va-
porizer at least in part to the first column.

[0012] Other optional features include:

- the apparatus comprises a compressor, a conduit
for removing at least part of the feed air from an in-
termediate point of the heat exchanger and sending
it to the compressor and a conduit for sending the
air compressed in the compressor back to the heat
exchanger.

- the second column contains only a single condenser
in the lower part of the column.

- the apparatus comprises means for dividing the ox-
ygen rich liquid into only two parts, one part being
sent to the top condenser and the other to the heat
exchanger.

- the apparatus comprises means for dividing the ox-
ygen rich liquid into only three parts, one part being
sent to the top condenser, another to the heat ex-
changer and another serving as aliquid oxygen prod-
uct.
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[0013] The invention will be described with respect to
figure 1 which shows a process according to the inven-
tion.

[0014] All pressures in this document are absolute
pressures.

[0015] An oxygen enriched fluid contains at least 30%
mol. oxygen and an oxygen rich fluid contains at least
80% mol oxygen.

[0016] A nitrogen enriched fluid contains at least 85%
nitrogen and a nitrogen rich fluid contains at least 90%
mol. nitrogen.

[0017] Figure 1 shows a double column having a first
column 100 operating at between 12 and 17 bars abs
and a second column 200 operating at between 4.2 and
6.3 bars abs. The reboiler 70 at the bottom of the second
column is warmed using nitrogen rich gas from the top
of the first column in order to vaporize the bottom liquid
of the second column 200.

[0018] Airis cooled using a brazed aluminum plate fin
heat exchanger 400.

[0019] In the case where the ratio of nitrogen/oxygen
is required to be above 3.6, or above 4, or above 4.5,
surplus oxygen is produced.

[0020] As shown in the figure, 1000 Nm3/h of air 1 at
15.8 bars are produced by a main compressor and the
air is purified by a front end purification unit (not shown).
The purified air 1 is divided into two parts 2, 4. Part 2
(502 Nm3/h) is compressed to 44 bars in a booster 94
and divided into three fractions 3, 5, 11. Fraction 3 is
cooled in the heat exchanger to an intermediate temper-
ature T1 of the heat exchanger, removed as stream 17,
compressed to 69 bars in cold compressor 93, sent back
to the heat exchanger as stream 18 at an intermediate
temperature T2 and cooled up to the cold end of the heat
exchanger 400. The cold compressed air is removed as
stream 8 from the heat exchanger and is then expanded
in a dense fluid expander 89 or a valve and sent to the
first column 100 and possibly to the second column 200.
Fraction 5 of the air is cooled in the heat exchanger at
the outlet pressure of booster 94 to a temperature T3
colder than T1, removed as stream 16 and expanded in
aturbine 91 to form expanded stream 6 before being sent
to the first column 100 in gaseous form. Fraction 11 is
boosted in a booster 95, cooled in the heat exchanger
400, removed as stream 15 to a temperature T4 colder
than T1 and sent to turbine 92 to produce expanded
stream 7 and thence to first column 100.

[0021] Part 4 of the air from the main compressor is
cooled atthe pressure of the first column in heat exchang-
er 100 and introduced as stream 9 into the first column
100 in gaseous form.

[0022] Turbine 91 is preferably coupled to compressor
93 and turbine 92 is preferably coupled to compressor 95.
[0023] Oxygen enriched liquid 10 from the bottom of
the first column 100 is expanded in valve and sent to a
third column 300 operating at a pressure between the
pressure of the first column and the pressure of the sec-
ond column 200. The oxygen enriched liquid is separated
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in the third column forming a bottom liquid further en-
riched in oxygen 31. Part of this liquid is sent as stream
34 to the top condenser 72 of the third column 300 after
expansion in a valve. The vaporized liquid 36 is then sent
to the second column 200. The rest 35 is expanded in a
valve and sent to the second column 200.

[0024] An intermediate liquid stream 20 is removed
from the first column 100, expanded and sent to the sec-
ond column 200.

[0025] Nitrogen enriched liquid 40 from the top of the
first column is expanded in a valve and sent to the top of
the second column 200.

[0026] Nitrogen enriched gas from the top of the first
column is used to heat bottom reboiler 71 of the third
column 300. The liquid produced is sent in part back to
the top of the first column 100 and in part as part of stream
40 to the top of the second column.

[0027] Nitrogen enriched liquid 44 from the top of the
third column 300 is expanded and sent to the top of the
second column 200.

[0028] Oxygen rich liquid 30 containing at least 80%
oxygen is removed from the bottom of the second column
200, pressurized in pump 90 and sent as liquid to the
heatexchanger 400 where it vaporizes to form 217 Nm3/h
of pressurized oxygen rich gas 51 containing 95% oxy-
gen at 67 bars.

[0029] Nitrogen rich gas 60 from the top of the second
column 200 is warmed in heat exchanger and removed
as 713 Nm3/h of gas 52 at 5 bars abs.

[0030] Nitrogen rich gas 42 containing at least 85%
nitrogen is removed from the top of the first column 100,
warmed in exchanger 400 and removed as 70 Nm3/h of
nitrogen rich gas 50 at 15 bars abs. The ratio between
nitrogen rich gas (50 and 51) and the oxygen rich gas
(51) is in the region of 3.6.

[0031] To produce a higher nitrogen/oxygen ratio, the
solution according to the invention is to vaporize part of
the oxygen from the bottom of the second column 100 in
a top condenser 73 of the second column 200. Part 26
of oxygen rich liquid 30 is taken at the pressure of the
second column 200, divided from stream 30, expanded
to just above atmospheric pressure in a valve and sent
to the top condenser 73 wherein it is vaporized to form
a waste gas 25, warmed in heat exchanger 400 to form
waste stream 53.

[0032] Nitrogen rich gas from the top of the second
column 200 is condensed in the top condenser 73.
[0033] A nitrogen rich gaseous stream 60 is removed
from the top of the second column, warmed in heat ex-
changer 400 to form stream 52.

[0034] The figure shows a triple column but the inven-
tion applies equally to a double column process in which
the oxygen enriched liquid 10 is sent directly from the
first to the second column.
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Claims

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

i) purified air is cooled in a heat exchanger (400)
and sent to a first column (100) of a column sys-
tem operating at between 9 and 17 bars abs,
ii) nitrogen enriched liquid (20, 40) from the first
column is sent to a second column (200) oper-
ating at a lower pressure than the first column,
iii) oxygen enriched liquid (10) from the first col-
umn or a liquid derived therefrom is sent to the
second column,

iv) oxygen rich liquid (30) is removed from the
bottom of the second column, pressurized, va-
porized in the heat exchanger and removed as
a pressurized gaseous oxygen product (51),

v) nitrogen rich fluid (42, 60) is removed from at
least one column of the column system, warmed
in the heat exchanger and removed as a gase-
ous nitrogen product (50, 52), the ratio between
the gaseous nitrogen product and the pressu-
rized gaseous oxygen product being greater
than 3.6, preferably greater than 4,

vi) oxygen rich liquid (26) is removed from the
bottom of the second column, expanded and va-
porized in a top condenser (73) of the second
column to produce a waste stream (25, 53),
vii) nitrogen rich gas from the top of the second
column is condensed in the top condenser and
sent back to the second column and

viii) nitrogen rich gas from the top of the first
column is condensed in a bottom vaporizer (70)
of the second column and sent back at least in
part to the first column.

2. Process according to claim 1 wherein at least part
of the feed air is cooled in the heat exchanger (400),
removed from an intermediate point of the heat ex-
changer, compressed in a cold compressor (93),
sent back to the heat exchanger, liquefied outside
any column of the column system and sent to a col-
umn of the column system.

3. Process according to any preceding claim wherein
the vaporization pressure of the oxygen rich liquid
(33) in the heat exchanger is greater than 30 bars
abs.

4. Process according to Claim 3 wherein the vaporiza-
tion pressure of the oxygen rich liquid (33) in the heat
exchanger is greater than 50 bars abs.

5. Process according to any preceding claim wherein
the second column contains only a single vaporizer
(70) in the lower part of the column.
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Process according to any preceding claim wherein
all the oxygen rich liquid (30) removed at the bottom
of the second column is sent either to the top con-
denser (73) or to the heat exchanger (400).

Process according to any preceding claims wherein
the ratio between the gaseous nitrogen product (50,
52) and the pressurized gaseous oxygen product
(51) is greater than 4.

Process according to any preceding claims wherein
the ratio between the gaseous nitrogen product (50,
52) and the pressurized gaseous oxygen product
(51) is greater than 4.5.

Apparatus for the separation of air by cryogenic dis-
tillation comprising a column system having a first
column (100) of a column system operating at be-
tween 9 and 17 bars abs and at least a second col-
umn (200) operating at a pressure lower than that of
the first column, the second column having a top
condenser (73) and a bottom vaporizer (70), a heat
exchanger (400) for cooling purified air, a conduit for
sending nitrogen enriched liquid from the first column
to the second column, a conduit and possibly sep-
aration means for sending oxygen enriched liquid
from the first column or a liquid derived therefrom to
the second column, a pump (90) for pressurizing ox-
ygen rich liquid removed from the bottom of the sec-
ond column, a conduit for sending pressurized oxy-
genrich liquid to be vaporized in the heat exchanger,
a conduit for removing vaporized pressurized oxy-
gen rich liquid as a pressurized gaseous oxygen
product, a conduit for removing nitrogen rich fluid
from at least one column of the column system and
for sending the nitrogen rich fluid to be warmed in
the heat exchanger and removed as a gaseous ni-
trogen product, the ratio between the gaseous nitro-
gen product and the pressurized gaseous oxygen
product being greater than 3.6, preferably greater
than 4, a conduit for removing oxygen rich liquid from
the bottom of the second column, means for expand-
ing the oxygen rich liquid and a conduit for sending
the expanded oxygen rich liquid to be vaporized in
the top condenser of the second column to produce
a waste stream, a conduit for sending nitrogen rich
gas condensed in the top condenser to the second
column, a conduit for sending nitrogen rich gas from
the top of the first column to be condensed in the
bottom condenser of the second column and a con-
duit for sending the condensed nitrogen rich gas from
the bottom vaporizer at least in part to the first col-
umn.

Apparatus according to claim 9 comprising a com-
pressor (93), a conduit for removing at least part of
the feed air from an intermediate point of the heat
exchanger (400) and sending it to the compressor
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and a conduit for sending the air compressed in the
compressor back to the heat exchanger.

11. Apparatus according to Claim 9 or 10 wherein the

second column (200) contains only a single vapor-
izer (70) in the lower part of the column.

12. Apparatus according to Claim 9, 10 or 11 comprising

means for dividing the oxygen rich liquid into only
two parts, one part being sent to the top condenser
(73) and the other to the heat exchanger (400).

13. Apparatus according to Claim 9, 10 or 11 comprising

means for dividing the oxygen rich liquid into only
three parts, one part being sent to the top condenser
(73), another to the heat exchanger (400) and an-
other serving as a liquid oxygen product.
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