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1

The present invention relates to the separation
of gas mixtures, and more particularly to those
gas mixtures which are capable of giving a
homegeneous liquid phase on cooling and of be-
ing separated into two or more fractions of dif-
ferent boiling points. Typical of such a gaseous
mixture is air, and to facilitate an appreciation
of the invention herein to be described, particu-
lar reference will be made to air separation.

Previous methods of producing hoth oxygen
and nitrogen in a substantially pure state fall
into two classes; the use of the well-known dou-~
ble column, and methods using an auxiliary nitro-
gen circuit, with recompression of. the nitrogen.

In both cases however the nitrogen is liguefied by

indirect heat-exchange with oxygen boiling at
the base of a column operating at atmospheric
bressure. In the first case, the nitrogen is pro-
duced by partial rectification of the air in a col-
umn or similar apparatus operating at an ele-
vated pressure, and, after liquefaction in the
manner stated above, the liquid nitrogen is ex-
panded to atmospheric pressure for use as reflux
in the main column. In the second case, nitro-

gen may be produced in an auxiliary apparatus,

for example an “enricher” as described in British
Patent No. 632,329 or may be withdrawn from the
top of the main column at atmospheric DPressure
in gaseous form. It is then compressed to an ele-
vated pressure such that it may be liquefied by
heat exchange with the oxygen in the base of the
main column as hereinbefore described.

It is an object of the present invention to pro-
vide a method for the separation of a gas mixture

into a lower boiling point fraction and at least :

one higher boiling point fraction which uses a
single rectification column and in which the lower
boiling point fracton is at no time compressed to
a higher pressure than that of the column.
There is thus provided by the present invention
a method of separating a gas mixture into a lower
boiling point fraction and at least one fraction
of higher boiling point, comprising the steps of
compressing the gas mixture, cooling the com-
bressed gas mixture to a saturated vapour by heat
exchange with at least part of the fraction pro-
duced, condensing at least part of this vapour
by heat exchange with the boiling highest-boiling
fraction, using at least part of this condensed
mixture for liquefying vapour to provide reflux
medium, recompressing the evaporated mixture
to at least atmospheric pressure, cooling and ex-
panding this recompressed gas mixture to sat-
uration point, separating a stream of the gas
mixture into the aforementioned fractions by
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countercurrent contact in a rectification device
with the reflux medium and recovering from all
cold vapours the cold used for cooling the incom-
ing gas stream.

The reflux medium for the rectification device
may be provided by a part of the separated lower
boiling - fraction, liquefied by indirect heat ex-
change with the condensed gaseous mixture. Al-
ternatively, the upper portion of the rectification
column is formed as an enricher wherein the va-
bours rich in the lower boiling point constituent
are condensed to form the reflux medium by in-
direct heat exchange with the condensed gas
mixture. ’

This method makes it possible to use already
known methods of heat exchange and of puri-
fication of the incoming gas mixture from con-
densible impurities. :

The extra cold necessary to balance losses by
heat leak, and other well-known losses, may also
be obtained by any conventional means, for ex-
ample, by expansion of gas in a turbine or other
expansion engine.

The rectification device may conveniently op-
erate at substantially atmospheric pressure (in
which case the liquid/gas mixture evaporates un-
der reduced pressure) or at an elevated pressure
such that the liquid/gas-mixture evaporates at
substantially atmospheric pressure,

The invention as applied to the separation of
air will now be described in more detail with ref-
erence to Figures 1 to 4 of the accompanying
drawings which show diagrammatically four
methods of carrying the invention into effect.
Like parts in all figures bear the same reference
numeral. The direction of flow along: the inter-
connecting pipework is everywhere shown by. ar-
TOWS.

In all the figures, regenerators are shown for
cooling the compressed air. In all figures a pair
of associated regenerators bear the same refer-
ence numeral and the members of each pair are
marked respectively by the suffix ¢ or b, the suffix
a being applied to the cooling regenerator and the
suffix b to the regenerator which is in course of
being cooled.

To avoid undue elaboration of the description
several features for carrying the process into ef-
fect which are well known per se to those skilled
in the art have been omitted from the drawings.
It will be appreciated, for example, that in prac-
tice there will have to be provision for removing
residual traces of moisture and carbon dioxide

- from the cooled mixture emerging from the re-

55

generators; that it is usually necessary to filter
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condensed gases before expansion; that vapours
must be superheated before isentropic expansion;
that the gas flows through a pair of associated
regenerators must be balanced to ensure the at-
tainment of the required thermal conditions and
the complete remoyval of condensates; also that
a change-over valve mechanism ‘has to ‘be pro-
vided for sets of associated regenerators. All
such features are well known and have been
omitted in the interests of simplicity.

Referring to Fig. 1, air is compressed in -2
turbo-compressor | to approximately 70 p. s. i a.
and cooled to saturation point by counter-current

heat exchange with the separated nitrogen frac-

tion in one pair of regenerators 2a, 2b (the suffix
“q” being applied to the cooling yegenerator and
the suffix “b” to that being-cooled). It-is then
completely condensed by indirect heat exchange
with the oxygen boiling at the base of the separa-
tion column 3. The liquid air is then sub-cooled
in sub-cooler 4 by heat exchange-with nitrogen
from thetop of the column 3 and-with low-pres-
sure evaporated 'air produced as hereafter de-
scribed. The sub-cooled liquid -is -expanded
through valve 5 to approximately 7-p. s i.-a.-and
evaporated by -indiregt ‘heat exchange-in ex-
changer 6 with part of the nitrogen from the top
of the column, condensing this nitrogen which-is
returned to the column -as reflux. ‘The evapo-
rated air is warmed slightly :in- sub~cooling the
liquid air sub-cooler 4 and-is then warmed to
substantially atmospheric temperature by heat
exchange with incoming air in a second pair of
regenerators 1a, 1b. The low-pressure air is re-
compressed to _approximately 35 p. s. i. a. in two
stages in turbo-compressor 8, more air at atmos-
pheric pressure being added after -the first stage
and compressed within the second-stage. Part of
this intermediate pressure air is then cooled coun-
tercurrent to the low pressure air in regenerators
1a, 1b; the remainder is cooled countercurrent to
the oxygen stream from the base of the column
in regenerators 9¢, 9b. All the -intermediate
pressure air is then further cooled by heat ex-
change with the nitrogen stream from sub-cooler
4 in exchanger {0. This:step does not eliminate
the necessity for super-heating the air ‘before it
enters the turbine. -Alternatively, the nitrogen
stream may be warmed by cooling an air stream
used for balancing the regenerators (not shown
in the figure). This nitrogen stream then passes
to the regenerators 2g, 2b. ‘The intermediate
pressure air then passes through expansion tur-
bine 11, being thus cooled to saturation point and
issuing from the turbine 11 at the column pres-
sure; it then enters column 3 at the appropriate
point as a gaseous feed.
Condensible impurities in the incoming air are
deposited in both pairs of regenerators 2a, 20
and T, Tb and subsequently re-evaporated into
the out-going streams. It has been found that in
“yiew.of the difference in actual volumes ‘between
the incoming air stream and the outgoing :air
stream passing through regenerators 1a,1b, sub-
stantially the whole of -the condensates in the
regenerators will have been revaporised by the
outgoing air stream well before the end of the
eycle. The cold low-pressure air leaving the re-
generator during the concluding part of the cycle
will in consequence pe substantially free from
reva.poriséd condensates and advantage can be
taken of this phenomenon to effect removal of
cold from the oxXygen stream. Since the tail por-
_tion contains no condensible impurities, any con-
Venient type of exchanger can be used. without
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danger of blocking the exchanger by the acciimu-~
lation of deposits or of contaminating the oxygen.

The arrangement shown in Figure 2 is substan~
tially similar to that in Figure 1, with the excep~
tion that the exchanger 6 is replaced by an
enricher 12 at the top of the column 3. The
liquid air -after expansion through valve 5 to a
pressure of approximately 12 p. s. i. a. is passed
through the enricher {2 where it acts to condense
wyapours rich in nitrogen to form the reflux for
the -column -3.

Figure 3 shows an arrangement similar to that
shown in Figure 1, except that in this case only a
part of the sub-cooled liquid air is expanded

“through valve 5.to the exchanger 6, the remainder
“peing expanded through valve I3 to substantially

“:atmospheric pressure and introduced into the
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column 3 as liquid feed.

Figure 4 shows an arrangement providing for
a liquid feed to column 3 as in the arrangement
shown in Figure 3, combined with the use of an
enricher 12 as previously described with reference
to Figure 2.

In any of the cycles shown in the figures, the
second pair of regenerators 8a, 8b may be elimi-
nated, and the low-pressure air passed direct to
a jet-pump after evaporation. The driving fluid
for this pump is obtained as side~stream from the
first pair of regenerators 2a, 20 in known manner.
This side stream passes through an expansion
turbine, being thus cooled to saturation point, and
issues at the pressure necessary to operaie the
jet pump. The delivery of the pump is at sub-
stantially column temperature and. is introduced
‘into the -column as gaseous feed.

It will be understood that -the oxygen fraction
produced by any of the methods above described,
may, if desired, be further separated to produce

-an argon-enriched: fraction, substantially pure

oxygen, and/or a fraction enriched in krypton
and xenon.

I claim:

1. A method of separating a gas mixture into
2 lower boiling point fraction and at least one
fraction of higher boiling point which comprises
the steps of compressing the gas mixture, cooling
the compressed gas mixture to form a saturated
vapour by heat exchange with at least part of
the fractions produced, condensing at least part
of this vapour by heat exchange with the boiling
highest~hoiling fraction, expanding this con-
densed mixture and using at least part thereof
for liquefying vapour to provide reflux medium,
recompressing the evaporated mixture to at least
atmospheric pressure, .cooling and expanding
this recompressed gas mixture fo -saturation
point, separating a stream .of the gas mixture in-
to the aforementioned fractions by countercur-
rent contact in a rectification device with the
said reflux medium, and recovering from all cold
vapours the cold used for cooling the incoming
stream of gas mixture.

2. A method according to claim 1 wherein the
reflux medium for the rectification device is pro-
vided by & part of the separated lower boiling
point fraction liquefied by indirect heat ex-
change with the condensed gaseous mixture.

3. A method according to claim 1 wherein the
rectification device comprises a rectification col-
umn surmounted by an enricher wherein the
vapours rich in the lower boiling point constit-
nent are condensed to serve as reflux medium in
the column by indirect heat exchange with the
condensed gaseous mixture. S

4. A method aecording to claim 1 wherein only
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a part of the condensed mixture is used for lique-
fying the lower boiling point fraction, the re-
mainder after expansion to the column pressure

being fed to the rectification column at sn ap-

propriate point as a liquid feed.

5. A method according to claim 1 wherein the
evaporated mixture prior to re-compression is
used to cool the re-compressed gas mixture in
alternating heat exchangers.

6. A method of separating air into a nitrogen

fraction and an oxygen fraction which comprises
the steps of compressing the air, cooling the
compressed air to form a saturated vapour by
heat exchange with at least one of the fractions
broduced, condensing at least part of this vapour
by heat exchange with the boiling oxygen frac-
tion, expanding this condensed vapour and us-
ing at least part thereof for liquefying vapour
to serve as reflux medium, re-compressing the
evaporated air to at least atmospherie pressure,
cooling and expanding the re-compressed air to
saturation point, separating a stream of the air
into the aforementioned fractions by counter-
current contact in a rectification device with
the said reflux medium, and recovering from all
cold vapours the cold used for cooling the in-
coming stream of air.

7. A method according to claim 6 wherein the
reflux medium for the rectification device is pro-

10

15

20

25

vided by a part of the separated nitrogen frac- 30

tion liguefied by indirect heat exchange with the
condensed air.

8. A method according to claim 6 wherein the
rectification device comprises a rectification col-
umn surmounted by an enricher wherein the
vapours rich in nitrogen are condensed to serve
as reflux medium in the column by indirect heat
exchange with the condensed air.

9. A method according to claim 6 wherein only
a part of the condensed air is used for liquefying
the nifrogen fraction, the remainder after ex-
pansion to the column pressure being fed to the
rectification column at an appropriate point as
a liquid feed.

10. A method according to claim 6 wherein the
evaporated air prior to re-compression is used
to cool the re~-compressed air in alternating heat
exchangers,

11. A method according to claim 6 wherein the
evaporated air prior to recompression is used to
cool the recompressed air in alternating heat ex-
changers and wherein a relatively pure tail frac-
tion of the evaporated air leaving the alternating
heat exchanger is used after recompression to
cool the separated oxygen fraction.

ROGER WILLIAM HERBERT SARGENT.,
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