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20 Claims,

The krypton and the xenon which are con-
tained in very minute proportions in atmos-
pherig air are; as known, less volatile than all the
other constituents of the air. They therefore
collect in the oxygen when atmospheric air is
treated by liquefaction and rectification in order
to obtain its oxygenin a more or less pure
state. Until now it is only from this krypton
and xenon containing oxygen that both these
gases have been extracted. But the quantities of
krypton and xenon which can thus be obtained
are very small and cannot meet all the applica-
tions to which the peculiar properties of these
gases may give rise, for instance the filling of
gas-containing glow lamps,

In the process of this invention, krypton and
xenon are directly extracted from atmospheric
air without the latter having been subjected to g
previous separation. 'This process consists in di-
rectly subjecting atmospheric air, which has pre-
viously been cooled down to the neighbourhood of
its dew point, to a rectification by a washing lig-
uid consisting of g liquefied gas more volatile
than krypton or by a mixture of such liquefied
gases, the washing liguid being preferably uti-
lized in a quantity large enough to allow the re-
tention of substantially the whole of the krypton
and the xenon, but nevertheless small. in pro-
bortion to the treated air, and in concentrating
in krypton and xenon the liquid resulting from
the rectification by vaporizing nearly the whole
of it. :

The washing liquid is preferably air which has
formerly been freed from its krypton (for the

.5ake of simplicity xenon will no longer be men-

tioned henceforth) but.it could also be nitrogen
Or oxygen or a mixture of these two substances
in any proportions. The quantity of the wash-
ing liquid may be less than the tenth part of the
quantity of the treated air. If the washing liquid
contains no krypton the air may be completely
free from krypton after its treatment.

The providing of the heat which is necessary
for vaporizing the krypton-containing liquid
preferably takes place in known manner by means
of a substantially equivalent quantity of a cold
gas which liquefies as the lquid vaporizes and is
chosen of such a nature that the liquid resulting
from its liquefaction may be used
liquid for the treated air.
consist of a part of the air
jected to the rectification.

If desired, there may be obtained, at the same
time as krypton, a gas rich'in oxyzen which, when
the rectifying. Hquid does not contain a substan-

which has been'sub-

as a rectifying
This cold gas may’

(CL 62—175.5)

tial proportion of constituents less volatile than
Oxygen, as is generally the case, may be substan-
tially pure oxygen. To this effect one needs but

to insert a few rectifying trays on the common
way which is followed by the liquid and the gas
between the washing column and the vaporizer
and to withdraw gas at a suitable level through
the pipe O having a control valve V. If the gas
not withdrawn is added to the air to be treated,
after it has rectified the liquid to be vaporized, 3¢
only the small quantity of krypton carried away
by the withdrawn vaporized gas will be lost.
Again, if the obtention of oxygen is not aimed at

at the same time as the obtention of krypton,
the whole of the vaporized gas will be preferably 15
added to the air to be treated.

. 'The washing liquid, instead of being obtained

in a condenser-vaporizer by heat exchange of the
krypton-containing liquid which has been used
for rectifying the air with a corresponding gquan- '20
tity of a gas under the necessary pressure, could “
also be derived from the treated air itself. To
this effect the air may be circulated under the
necessary pressure in a bundle of tubes for pro-
gressive liquefaction with backward return which 25
is outwardly cooled by the vaporization, under g
lower pressure; of the greater part of the liquid
resulting from the backward return and to which
the small quantity of the necessary make-up lig-
uid has been added. 'The krypton accuraulates in
the small nonvaporized part which is withdrawn
from the backward return apparatus. In the
same way the air may be passed into a rectifica-
tion column surmounted at its top by a con-
denser-vaporizer which is outwardly fed by the
liquid which has been used for the rectification.
- The greater part of the liquid is vaporized in the
. condenser-vaporizer under g, suitable pressure,
whereas the non-vaporized part, which is rich in
krypton, is withdrawn. These both last men-
tioned manners of forming the washing liquid
have however the drawback that they necessitate
the indirect transfer of cold to the whole .of the
treated air through the extensive surfaces which
are necessary for this cold transfer. 45

The process of this invention necessitates, at

least for the air tc be rectified, which constitutes

by far the larger part of the treated gas, small
Dressure differences only. The air may for in-
stance be compressed to g pressure slightly above 50
‘the atmospheric and,; after having been cooled, be
2xpanded with external work, prefersbly in a
turbine, so as to provide all or part of the make-
up liquid which is necessary for Carrying out the
brocess. This liquid may also be formed in any 56
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other known way. If the krypton-containing

- liquid is vaporized by means of a substantially
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equal quantity of a cold gas, this gas may for in-
stance consist of the expanded part of a gas
subjected to the known cycle of liquefaction
under pressure, whereas the non-expanded part
provides the make-up liquid. In this case a cold
gas is compressed with heat exchange between
the gas to be compressed and the compressed
gas, and then divided into two parts; one part is
expanded with production of external work to a
pressure which still allows of its liquefaction
within a bath of the krypton-containing liquid to
be vaporized, into which it is passed; the other
part flows further in heat exchange with the cold
gas to be compressed, and is liquefied by contact
therewith, thus providing the make-up liquid.

The appended figure diagrammatically shows
by way of example a manner for carrying out the
process.

Air which has not previously been freed from
its carbon  dioxide is passed at the surrounding
temperature, under a small pressure, for instance
about 1,7 atm. absolute, alternately into the two
cold regenerators Al and A2. The figure shows
the flow of the air to be treated through the re-
generator Al. When leaving this regenerator the
air is at a temperature of about —185° C. It is
expanded with production of external work to
about atmospheric pressure by passing through
the turbine B. When leaving the turbine its
temperature amounts to about minus 199° C. It
is then passed to the bottom of the. rectification
column C, whereas krypton-free liquid air, the
quantity of which is about the tenth part of the
quantity of the treated air, is discharged at the
top of the column. The liquid collected at the
bottom of the column is nearly wholly vaporized
in the vaporizer D, which is situated beneath the
column C and is heated up by the coil 1.

In order to heat the vaporizer D and at the
same time obtain the liquid which is used for rec-
tifying the air, including the necessary make-up
liquid, the procedure is as follows: About one
tenth of the krypton-free air which leaves the
column C is compressed in the compressor E to

. about 15 atm. and the cold air to be compressed

is successively passed through the exchanger-
liquefier G in counter-current to a part of the
same air once compressed, then through the ex-
changer F in counter-current to the whole of the
compressed air; that part of the compressed air
which does not flow through the exchanger-
liquefier G is expanded in the expansion-ma-
chine H to a pressure between 2 and 3 atm. ab-
solute, which is sufficient for its liquefaction in
the heating coil I of the vaporizer D in which it
is passed; the liquid air formed in the coil I, to
which the liquid air resulting from the lique-
faction of that part of the compressed air which
Dpasses ' through the exchanger-liquefier G is
added, is discharged at the top of the rectification
column C. That part of the air freed from its
krypton leaving the column C which is not re-
compressed, that is about nine tenths of this air,
is passed through the regenerator A2, in which
it gives up its cold.

The air could also be expanded after instead
of before its rectification, immediately before en-
tering the regenerator A2.

That small quantity of liquid which is not va-
porized in the vaporizer D is discharged at the

‘top of an auxiliary rectification column K at the

" bottom of which the larger part of the discharged

75

liqu_id is vaporized by means of a heating coil
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I, which is supplied with a portion of the cold
compressed air which leaves the exchanger F.
The liquid formed in the coil L is united with that
formed in the coil I. The gas, containing some
krypton, which leaves at the top of the column
K is united, by means of the pipe M, with the gas
which rises above the vaporizer D. The liquid
which is withdrawn in a small quantity at the
bottom of the column XK is rich in krypton.
Krypton may be extracted therefrom in a sub-
stantially pure state by physical and chemical
purification performed in known manner. A
pipe P having a control valve @ connects the
pipe M, through which the gas boiled from the
liquid in the column K is conducted to the col-

umn C, with exchanger-liquefier G so that oxy-.

gen-rich gas may be passed into the gaseous
liquefaction system when it is desired to increase
the oxygen content of the washing liquid intro-
duced into the top of the column C. A suitable
pump R may be included in the pipe line P in
order to force the oxysgen-rich gas therethrough
and into the exchanger-liquefler G.

I claim.:

1. In a process of obtaining krypton, the steps
which comprise bringing air in a gaseous state
into intimate contact with a liquefied gas more
volatile than krypton to thereby wash krypton
from said gaseous air and produce a liquid en-
riched in krypton, and removing nitrogen and
the greater part of the oxygen of the gaseous air
as waste gas. '

2. In a process of obtaining krypton and xenon,
the steps which comprise cooling gaseous air
while maintaining it in a gaseous state, bringing
said cooled gaseous air into intimate contact with
a liquefied gas more volatile than krypton to
thereby wash krypton and xenon from said
cooled gaseous air and produce a liquid enriched
in krypton and xXenon, and removing nitrogen
and the greater part of the oxygen of the cooled
gaseous air as waste gas.

3. In a process of obtaining krypton, the steps
which comprise cooling gaseous air down to the
neighborhood of its dew point, bringing. said
cooled gaseous air into intimate contact with
liquefied air to thereby wash krypton from said
cooled gaseous air and produce a liquid enriched
in krypton, and removing nitrogen and the
greater part of the oxygen of the cooled gaseous
air as waste gas.

4. In a process of obtaining krypton, the steps
which comprise bringing air in a gaseous state
into intimate contact with a liquefied gas more
volatile than krypton to thereby wash krypton
from said gaseous air and produce g liquid en-
riched in krypton, removing nitrogen and the
greater part of the oxygen of the gaseous air as
waste gas, and treating the obtained krypton-
enriched liquid to increase the krypton content
thereof,

5. In g process of obtaining krypton, the steps
which comprise cooling gaseous air down to the
neighborhood of its dew point, bringing said
cooled gaseous air into intimate contact with a
liquefied gas more volatile than krypton to there-

by wash krypton from said gaseous air and pro-

duce a liquid enriched in krypton, removing nitre-
gen and the greater part of the oxygen of the

 cooled gaseous air as waste gas, and treating the

obtained krypton-enriched liquid to increase the
krypton content thereof.

6. In a process of obtaining krypton, the steps
which comprise washing air in a gaseous state
with a quantity of a liquefied gas more volatile
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than krypton sufficient to retain substantially the
whole of the krypton contained in sald gaseous
air but insufficient’ to retain substantially the
whole of the oxygen of said gaseous air, to produce
a liquid enriched in krypton.

7. In a process of obtaining krypton, the steps
which comprise cooling gaseous air while main-
taining it in a gaseous state, washing said cooled
gaseous air with a quantity of lquefied air suffi-
cient to retain substantially the whole of the
krypton contained. in said cooled gaseous alr but
insufficient to retain substantially the wholé of
the oxygen of said cooled gaseous air, to produce
a liquid enriched in krypton, and treating the
krypton-enrichied liquid to increase the krypton
content thereof. .

8. In a process of obtaining krypton, the steps
which comprise cooling ‘gaseous air while main-
taining it in a gaseous state, washing said cooled
gaseous air with a quantity of liquefied nitrogen
sufficient to retain substantially the whole of the

~ krypton of the cooled gaseous air but insufficient
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to retain substantially the whole of the oxygen of
the cooled gaseous air, to produce a liquid en-
riched in krypton. )

9. In'a process of obtaining krypton, the steps
which comprise cooling gaseous air while main-

_talning it in a gaseous state, and washing said

cooled gaseous air with s liquid mixture of oxygen
and nitrogen which is richer than atmospheric
air in oxygen to produce s liquid enriched in
krypton. .

10. In a process of obtaining krypton and
xenon, the steps which comprise cooling atmos-
pheric air down to the neighborhood of its dew
point, washing said.cooled gaseous air with a lg-
uid mixture of oxygen and nitrogen which is
richer than atmospheric air in oxygen, to thereby
produce a liquid enriched in krypton and xenon,
vaporizing from said krypton-and-xzenon-en-
riched liquid constituents thereof more volatile
than krypton and xenon to thereby increase the
krypton and xenon content thereof.

11. In a process of obtaining krypton, the sfeps

which comprise washing gaseous air with a liguid
mixture of oxygen and nitrogen which is richer
than atmospheric air in oxygen, to produce a Hq-
uid enriched in krypton, and concentrating by
vaporizing and rectification the obtained krypton-
enriched Hquid.

12. In a process- of obtaining krypton and
xenon, the steps which comprise cooling gaseous
air down to the neighborhood of its dew point,
washineg sald cooled gaseous air with s quantity
of a nitrogen-containing liquefied gas sufficient to
retain substantially the whole of the. krypton of
the cooled gaseous.air but insufficient to retain
substantially the whole of the oxygen  of the
cooled gaseous air, to produce a liquid enriched
in krypton and xenon, and vaporizing nearly the
whole of the liqguid which was used for washing
the cooled gaseous air.

13. In a process of obtaining krypton, the steps
which comprise bringing gaseous air into inti-
mate contact with a lquefled gas more volatile
than krypton to produce a liquid enriched in
krypton, removing as ‘waste gas nitrogen-and the
greater part of the oxygen of the treated gaseous
air, vaporizing from said obtained krypton-en-
riched liquid constituents thereof more volatile
than krypton, and uniting the vaporized constitu-
ents with the gaseous air to be treated.

14. In a process of obtaining krypton, the steps
which comprise cooling gaseous air while main-
taining it in a gaseous state, washing said cooled

. liquid within said chamber,

3

gaseous air with a liquefied gas more volatile than
krypton to produce a krypton-enriched liquid, re-
moving as waste gas nitrogen and- the greater
part of the oxygen of the treated gaseous air, and
vaporizing nearly the whole of the liquid utilized
for washing krypton from the treated air by heat
exchange with substantially an equivalent quan-
tity of a gas more volatile than krypton, which

gas is thus liquefied and serves as g washing lig- *

uid for gaseous air to be treated. .

15. In a process of obtaining krypton, the steps
which comprise cooling gaseous air while main-
taining it in a gaseous state, washing said cooled
gaseous air with a quantity of a liquefied gas more
volatile than krypton which is small in proportion
to the amount of cooled gaseous air, compressing
2 cold gas more volatile than krypton with heat
exchange of the cold gas to be compressed suc-
cessively in a first stage with a part of the same
gas once compressed, whereby said part is lique-
fied, and in a second stage with the whole of said
gas once compressed, partially expanding that
part of the gas once compressed which is not
subjected to the first stage heat exchange, lique-
fying said partially expanded part of the gas by
heat exchange with the liquid utilized for the
washing of the treated air, whereby said liquid is
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nearly entirely vaporized, expanding the two lig- -

-ulds resulting from said liquefaction of the por-

tions of the compressed gas, and utilizing said
two liquids as washing liquid for cooled gaseous
air to be treated. L ;

16. In a process of obtaining krypton, the steps
which comprise cooling gaseous air while main-
taining it in a gaseous state, washing said cooled
gaseous air with a liquefied gas more volatile than
krypton and containing no constituents less vola-
tile than oxygen, vaporizing nearly the whole of
the liquid utilized for washing the cooled gaseous
alr, rectifying the gas resulting from said vapori-
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zation by the liquid to be vaporized, and with- .

.drawing a part of the gas undergoing rectifica-

tion.

17. In a.process of obtaining krypton, the steps
which comprise passing gaseous air and a lique-
fied gas more volatile than krypton in opposite
directions through a chamber, discharging nitro-
gen mixed with the greater part of the oxygen
from said chamber, collecting krypton-enriched
and treating said
krypton-enriched Hquid to increase the krypton
content thereof. ‘ '

18. In a process of obtaining krypton, the steps
which comprise bringing gaseous air into intimate
contact with a washing liquid at a temperature
lower than the temperature of Hquid oxygen at
the pressure under which the washing operation

is conducted, to produce s krypton-enriched, lig-

uid, removing as waste gas. nitrogen mixed with
the greater part of the oxygen of the gaseous air,
and treating the obtained krypton-enriched lig-
uid to increase the krypton content thereof.

19, In a process of obtaining krypton, the steps
which comprise cooling gaseous air while main-
taining it in a gaseous state, bringing said cooled
gaseous air into intimate contact with g washing
Hquid at a temperature lower than the temper-
ature of liquid oxygen at the pressure under which
the washing operation is conducted, to produce a
krypton-enriched liquid, removing, as waste gas,
nitrogen mixed with the greater part of the oxy-
gen of the cooled gaseous air, utilizing said waste
gas, before being finally discharged, to cool in-
coming gaseous air, and treating the obtained
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krypton-enriched liquid to increase the krypton compressed gaseous medium by heat exchange
content thereof. , with said krypton-enriched liquid, removing, as
20. In a process of obtaining krypton, the steps waste gas, nitrogen mixed with the greater part
which comprise bringing gaseous air into intimate of the oxygen of the gaseous air, utilizing said
5 contact with a liquefied gas more volatile than waste gas, before being finally discharged, to cool .
5 krypton at a temperature lower than the tem- . incoming gaseous air, and treating the obtained
perature of liquid oxygen at the pressure under krypton—enriched liquid fraction to increase the
which the washing operation is conducted, to pro- krypton content thereof.
duce a liquid enriched in krypton, a part of sald

'10 washing liquid being obtained by cooling a pre- EUGENE GOMONET. ,



