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@ Method and cryogenic plant for producing gaseous oxygen.

@ A method of producing gaseous oxygen comprises the
steps of fractionating dry compressed air in a distillation
system (9) having a high pressure column (8) operating at
between 4 and 8 bars gauge and a low pressure column (15)
operating at between 0.3 and 2 bars gauge. Liquid oxygen is
withdrawn from the bottom of the low pressure column (8)
through line (40) is pressurized by static head and/or a pump
(41) and is evaporated in vessel (43) against a stream (27) of
substantially pure nitrogen which has been removed from
the top of the high pressure column (8} and compressed to
such a pressure that it is at least partly liquified by the

= evaporation of the oxygen. At least part of the liquified

< nitrogen formed in vessel (43) is expanded and is returned to
the high pressure column (8} as reflux.
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This invention relates to a method for producing
gaseous oxyden and a cryogenic plant in which said method can
be carried out.

In the past large users of gaseous oxygen, such as
steel producers, have required their oxygen to be supplied at
little more than atmospheric pressure. Accordingly, there
are a large number of cryogenic plants available which will
produce gaseous oxygen at about 0.2 bars gauge.

More recently we have received enquiries for cryogenic
plant capable of producing gaseous oxygen at from 1 to 4 bars
gauge. In order to meet this demand we have proposed

(1) wusing a compressor to compress the gaseous oxygen
product to the required pressure; or

(2) raising the pressure of the whole cryogenic plant
from the main air compressor to the gaseous oxygen
output.

Whilst both alternatives satisfy the need, the first
alternative has the disadvantage that oxygen compressors are
relatively expensive (typically £100,000 to £180,000) and
require special safety precautions. The second alternative
is relatively inexpensive in terms of capital expenditure but
has the disadvantage that the power consumed by the main air
compressor increases drastically.

It is an object of at least preferred embodiments of
the present invention to provide a cryogenic plant which is
less expensive to construct than alternative (1) and consumes
less power than alternative (2).

According to the present invention there is provided a
method of producing gaseous oxygen, which method comprises
steps of fractionating dry compressed air in a distillation
system having a high pressure column operating at between 4
and 8 bars gauge and a low pressure column operating at
between 0.3 and 2 bars gauge, and wherein liquid oxygen is
withdrawn from the bottom of said low pressure column, is
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pressurized and is evaporated against a stream of substant-
ially pure nitrogen which'has'been'removed from the top of
said high pressure column warmed'in a heat exchanger; comp-
ressed, cooled in said heat exchanger, at least partially

liquified by the evaporation of said oxygen, and, at least in

part, expanded and returned to said high pressure column as

reflux. o ,
Whilst the method of the present invention was specif-

ically developed for providing gaseous oxygen at between 1

and 4 bars gauge, our preliminary investigation:suggests that
the method can be used for produc1ng gaseous ~oxygen at much

higher pressures, for example 55 bars gauge.

The liquid oxygen may be pressurrzed,by a pump or by

static head, for example by raising the height of the low
pressure column so that the liquid at ground level is just

above the required delivery pressure of the gaseous oxygen.

Alternatively a combination of static head and pumping may be
used. Cryogenic plant using the static head principle will

be somewhat taller than their conventional counterparts and

for most applications we anticipate that the bottom of the
low pressure column w1ll be at least 15m above ground level.
Preferably, the high pressure column 1s ‘operated at
between 4.5 and 7 bars gauge. , '
Advantageously, the low pressure column.ls operated at
between 0.5 and 2.0 bars gauge. ' ,
In terms of cost, the nitrogen'compressor required7is

considerably 1less expensive that the alternatiVe oxygen

Ccompressor. Furthermore there are fewer'potential hazards
associated with its useQ:'In terms of deer oonsumption for a
cryogenic plant designed to produce gaseous ongen at 1 to 4
bars gauge, the power consumed by preferred embodlments of

the present invention is approx1mate1y the same as that whlch,

would be consumed by a plant u51ng a product oxygen  comp-
ressor. - - ' .
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The present invention also provides a cryogenic plant
for producing gaseous oxygen which plant comprises a high
pressure column and a low pressure column for distilling air,
an evaporator, a pipe for conveying, in use, liquid oxygen
from the bottom of said low pressure column to said evapor-
ator, means to ensure that, in use, the pressure of liquid
oxygen at said evaporator is higher than the pressure of
liquid oxygen leaving said low pressure column, a pipe for
carrying gaseous oxygen from said evaporator, a heat
exchanger, a pipe for conveying gaseous nitrogen from said
high pressure column to said heat exchanger, a compressor, a
pipe for conveying gaseous nitrogen from said heat exchanger
to said compressor, a pipe for conveying compressed gaseous
nitrogen to said heat exchanger, a pipe for conveying comp-
ressed gaseous nitrogen from said heat exchanger to a heat
exchanger within said evaporator, an expansion valve, a pipe
for conveying liquid nitrogen from said heat exchanger within
said evaporator to said expansion valve and a pipe for carry-
ing expanded liquid nitrogen from said expansion valve to the
top of said high pressure column.

¥
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For a better understanding of the invention and to
show how the same may be carried into effect, reference will
now be made, by way of example, to the accompanying flowsheet
of a cryogenic plant in accordance with the present invent-
ion. | ' : '

Referring to the drawing, air is passed through a
filter 1 and is compressed to 5 bars gauge by a main air comp-
ressor 2. The compressed air leaves the main air compressor
2 through line 3 and after being cooled and scrubbed with
water in direct contactfaftefcooler'4,ris'passedrthroﬁgh line
5 to reversing heat exchanger 6. .

As the air passes through the reve:Sing—heat exchanger
6 water and carbon dioxide freeze out and the remaining air,
together with traces of uncondensed hydrocarbons, is passed
through line 7 at ~172°C and 4.7 bars gauge to the high
pressure column 8 of a double distillation column generally
identified by reference numeral 9.

A vapour fraction is Withdrawn'fromrthe high pressure
column 8 through line 48, condensed in Supérheater 28, and
returned through line 11. Crude liquid oxygen is withdrawn
from the bottom of the high pressure column 8,throﬁgh line 10
and after being Jjoined 'by stream 11 is sub-cooled in
sub-cooler 12 which it leaves through line 13. After passing
through hydrocarbon adsorbers 20, the liduid is then expanded
to approximately 0.5 bars gauge across valve 14 and enters
the low pressure column 15 of the double'distiliation column
9. Substantially pure oxygen collects in the sump 16 of the
low pressure column 15 where it cools the reflux condenser 17
associated with the high pressure column 8.

Gaseous nitrogen is removed from the top of the high
pressure column 8 through line 22, Part of this nitrogen is
condensed in the reboiler condenser 17 and part'of the liquid
is returned to the high pressure column 8 through line 23 as
reflux whilst the remaining liquid is passed through line 18
to sub-cooler 12 which it leaves through line 19. . This
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liquid is then expanded to approximately 0.4 bars gauge at
valve 21 and is introduced into the top of the low pressure
column 15 as reflux. The balance of the gaseous nitrogen
leaving the high pressure column 8 is passed through line 24
to point 25 where the flow is divided into a first stream 26
and a second stream 27. The £first stream 26 is passed
through superheater 28 which it leaves through line 29 at
-175°C. 1It is then introduced into the cold end of reversing
heat exchanger 6. A side drawer 30 is expanded through
expander 31 and after joining stream 32 is reintroduced into
the cold end of the reversing heat exchanger 6. The balance
of stream 29 leaves the reversing heat exchanger at approxim-
ately ambient temperature and is used for inter alia purging,
reactivating adsorbers 22 and nitrogen product.

Second stream 27, which is at —178°C, is warmed to
approximately ambient temperature in heat exchanger 33 and is
then compressed to 10.3 bars gauge in compressor 34. The
resulting warm nitrogen is cooled by water in heat exchanger
35 and is then further cooled in heat exchanger 33 which it
leaves through 1line 36 at -169°C. The vapour 1is then
condensed in heat exchanger 38 and expanded to 4.5 bars gauge
at valve 49. The liquid and vapour thus formed are separated
in phase separator 37 and the vapour is re-cycled to heat
exchanger 33. The 1liquid from phase separator 37 is
reintroduced into the high pressure column 8 of the double
distillation column 9.

Liquid oxygen from the sump 16 of the low pressure
column 15 is passed through line 40 at approximately 0.5 bars
gauge to pump 41 which it leaves through line 42 at 2.1 bars
gauge which is a 1little above the final supply pressure
desired. The liquid oxygen is then vaporized in vessel 43
which is warmed by heat exchanger 38. Gaseous oxygen leaves
the vessel 43 through pipe 44 and is passed through reversing
heat exchanger 6 which it leaves through line 45 as product

at 1.8 bars gauge and approximately ambient temperature.
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Of the remaining features, impure nitrogen at approx-
imately -193°C leaves the top oﬁ'the,ldw'pressure column 15
through line 46. It is'then warmed inrsubfcoblér'12 which it
leaves through line 32. 'After,méeting the nitrogen leaving
the expander 31, the mixturerisfdivided'intO'two streams
which are each passed throhgh,reverSing<héat eXChanger 6.
One stream is vented through pipe Bo_whilst,fhe other is
passed through column 47 where it cools the water used in the
direct contact aftercooler 4 by,evaporative cooling. |

Various modifications to the planﬁ QQSCfibeé can be
made, for example, low ptessu:e7product hitrogen from line 29
could be introduced into stream 27'immediaté1yiupstream of
compressor 34 and withdrawn downstream (or ffom'an'ihtermedf

iate stage) to give high'preSshre nitrogen'product;
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CLAIMS
1. A method of producing gaseous oxygen which method
comprises the steps of fractionating dry compressed air in a
distillation system having a high pressure column operating
at between 4 and 8 bars gauge and a low pressure column oper-
ating at between 0.3 and 2 bars gauge, and wherein liquid
oxygen is withdrawn from the bottom of said low pressure
column, is pressurized and is evaporated against a stream of
substantially pure nitrogen which has been removed from the
top of said high pressure column warmed in a heat exchanger,
compressed, cooled in said heat exchanger, at least partly
liquified by the evaporation of said oxygen, and, at least in
part, expanded and returned to said high pressure column as
reflux.
2. A method as claimed in Claim 1, wherein the pressure
of said oxygen is raised by a pump.
3. A method according to Claim 1 or 2, wherein said low
pressure column is raised so that its bottom is at least 15m
above ground level.
4. A method'according to Claim 1, 2 or 3, wherein said
high pressure column is operated at between 4.5 and 7 bars
gauge.
5. A method according to any preceding Claim,'wherein
said low pressure column is operated at between 0.5 and 2.0
bars gauge.
6. A cryogenic plant for producing gaseous oxygen which
plant comprises a high pressure column (8) and a low pressure
column (15) for distilling air, an evaporator (43), a pipe
(40) for conveying, in use, liquid oxygen from the bottom of
said low pressure column (15) to said evaporator (43), means
(41) to ensure that, in use, the pressure of liquid oxygen at
said evaporator (43) is higher than the pressure of liquid
oxygen leaving.said low pressure column (15), a pipe (44) for

carrying gaseous oxygen from said evaporator (43), a heat
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exchanger (6), a pipe (33) for conveying gaseous nitrogen
from said high pressure column (8) to said heat exchanger
(33), a compressor (34), a pipe for conVéying gaseous
nitrogen from said heat exchanger to said'compressor, a pipe
for conveying compressed gaseous nitrogen to said heat
exchanger (34), a pipe (36) for conveying compressed gaseous
nitrogen from said heat exchanger (33) to a heat exchanger
(38) within said evépbrator (43),7an expansion valve (49), a
pipe for conveying liquid nitrogén from said heat exchanger
(38) within said evaporator (43) to said expansion valve
(49), and a pipe for carrying expanded liquid:nitrogen from
said expansion valve to the top of said high pressure column.

For the Applicants

rian Lucas

CHARTERED PATENT AGENT
EUROPEAN PATENT ATTORNEY
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