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‘1 
l-MPROVED'KRYPTON XENON RECOVERY 

‘METHOD ‘ 

‘FIELD‘OF THE INVENTION 
This invention‘relates to air separation. In particular 

it relates ‘.to the‘recovery of. Krypton and Xenon from 
oxygen obtained in .an air separation plant. 

IDESCRlPTlON OF THEsPRlOR ART 

The oxygen'product from an air separationplant‘usu 
ally .contains about ‘5.5 vpm ofikrypton together with 
about ‘the same amount of methane and smaller 
amounts oflacetylene and .otherrheavier hydrocarbons, 
andiin .additionabout 0.42 vpm of xenon. The krypton 
andrxenon are separated together, their production re 
.quiring asconcentration factor of about 180,000. Al 
though iacetylenesand the ‘bulk of other higherhydro~ 
carbons can normally*‘be removed from‘the‘oxygen‘to 
a suf?cientextent by adsorption, the presence of meth 
aneaespec'ially necessitated carrying out the concentra' 
‘tion ‘process .inseveral stepsinorder to:avoid concen 
‘trating‘thevmethane .up‘to ‘.itsexplosion limit in oxygen. 

‘llntpreviousiproposals‘ajprimary concentrate contain~ 
ingsa‘bout .1 ‘percent‘krypton is usually :produced from 
which “the ‘methane ‘has to ‘be ‘removed before further 
‘concentration stepsare‘possible. 'lihismethane removal 
stepliscumbersomeand expensive as itinvolves heating 
the ‘primary concentrate, ‘passing it overxa catalyst ‘to 
bringraboutcombustion of‘the‘methane, re-cooling and 
removing‘ the carbon dioxide and‘water‘formed during 
‘combustion. 
'To ,avoid the combustion step it 1has been proposed 

to wash the gaseous oxygen with inert liquids, such as 
fluorocarbons or argombut this requires several recti? 
cation columnsiand a suf?cient replacement of the oxy 

.‘gen ‘by ‘the :inert liquid ‘is difficult to ‘achieve. 
It ‘has‘also ‘been suggested to produce a liquid primary 

‘krypton extract substantially free from "methane in a 
‘firstrecti?cation column, passing this extract to the re 
boiler of the air separation unit to effect a gradual ‘im 
poverishment in ‘methaneofthe reboilerliquid and sub 
sequently concentrating the reboiler liquid in two fur 
ther recti?cation columns operating at different pres 
sures. 'I‘she suggestions that the ‘methane content of the 
‘krypton extract ‘from the‘?rst recti?cation column is 
substantially ‘lower than that of the reboiler liquid and 
that its admixture wi‘th'the reboiler liquid impoverishes 
it in methane are ‘wrong. In fact more .than about one‘ 
third .of the incoming ‘methane would still be contained 
'in :the first column ‘extract with about ‘the same meth 
ane ‘content .as ‘the reboiler liquid in such ‘a procedure 
and this ‘would have to be removed in the two subse 
quent columns. ' 

SUMMARY .OF ‘THE INVENTION 
The ‘present‘invention allows almost complete ‘elimi 

‘nation ‘in a single recti?cation column of the methane 
‘input from a ‘krypton concentrate, the column consist 
ing ‘of an upper and a lower section and provided with 
a reboiler at its base. Gaseous ‘oxygen, freed from at 
least ‘the bulk of acetylene and the other higher hydro 
carbons, ‘passes through ‘the ‘upper section of the col 
umn and leaves .it with very little krypton and xenon but 
with almost all of the methane originally present. At the 
base ‘of the column a‘crude primary krypton/xenon 
concentrate is obtained with a methane content well 
‘below the explosion limit. This crude primary concen 
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3,779,028 
.trate canicontain up to 60lpercent or more of a kryp 
ton/xenon ‘mixture, ‘the remainder being oxygen and 
smallamounts of methane‘and residual higher‘hydro 
carbons. v i ’ 

According to the invention there1is=provided a pro 
cess for recovery of krypton ‘and ‘xenon “from ‘the oxy 
gen produced inian air separation. column wherein 

a.. gaseous oxygen freed ‘from atileast the bulk of acet~ 
ylene and ‘the other ‘higher ‘hydrocarbons, is passed 
‘from the reboiler of theiair‘separation column into a 
recti?cation icolumn ‘having -an ‘upper ‘section and a 
lower. section operatingiatthe sameipressure,‘theilower 
section ‘having‘a reboilerfat orlnear the :‘base and the 

‘ gaseous oxygen being introduced at or near the base of 
‘the upper. section, yieldingta crude primarylkrypton/xe 
.non concentrate containingiat least 10 percent of‘kryp 
ton 

b. ‘in the upper section ‘there ‘is ‘employed a re?ux 
rratio sufficient to remove substantially all of the kryp 
tonrand xenon from ‘the‘ascending vapours‘but too low_ 
to remove all of ‘the ‘methaneifrom the ascending va 
‘pours, 

1c. theliquid obtainedatitheibase ofrthelupper section 
‘with at least ‘the same ‘krypton, xenon and methane 
contents asthe ‘liquid oxygenlin ‘the reboiler of‘the air 
separation column is concentrated‘in the lower section 
to giveat the base of the lower section the crude pri 
mary krypton/xenon concentrate ‘having a ‘methane 
‘contentsubstantially ‘below the explosion limit and at 
the top of the lower section=a vapour‘of ‘relatively ‘low 
‘krypton and xenon content which ascends into ‘the 
‘upper section, ‘and ‘ 

d. the gaseous oxygen is withdrawn from {the top of 
theupper sectionand the crudelprimary krypton/xenon 
concentrate is withdrawn from the ‘base of ‘the lower 
section. Thergaseous oxygen can be freed from at least 
the bulk ofiacetylene and‘other hydrocarbons ‘by circu 
latingiliquid from the‘reboiler of the‘ air separation col 
‘umn through‘an external adsorber and then back to the 
column. An additional adsorber can be located at an 
appropriate position in the lower section of the recti? 
cation column if ‘required to ensure that the acetylene 
concentration does ‘not exceed the permissible ‘limit. It 
‘may then be convenient to ‘provide an additional re 
boiler at an intermediate point in the lower section of 
the recti?cation column. _ 

The ‘term “reflux ratio” ‘as 1used "therein refers ‘to the 
ratio of the vapour ‘volume to vthe illiquid ‘volume ‘in the 
recti?cation column measured under standard condi 
tions. 1It is preferably maintained within the ‘range 14 to 
5:l, most preferably at about 10:]. 
A small ‘portion ‘of the liquid oxygen from the reboiler 

of the air separation‘plant is ‘preferably added to the re 
fluxliquid .leavingthe upper‘section of the recti?cation 
column so as to balance the cold losses of the rectifica 
tion column and to prevent ‘the accumulation of heavy 
hydrocarbons in the ‘reboiler of ‘the ‘air separation col 
umn. v I 

The reboil in the rectification column is preferably 
provided by condensing gaseous oxygen, the liquid‘oxy 
gen thus obtained being ‘introduced into the upper part 
of ‘the upper section of the rectification column to act 
as the ‘reflux. The gaseous oxygenfeeding to the recti?~ 
cation column reboiler is preferably a portion of the 
gaseous ‘oxygen withdrawn ‘from the top of the recti? 
cation column. Since ‘the withdrawn oxygen ‘is ‘usually 
compressed in several stages to ‘the required supply line 
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pressure, the portion returned to the reboiler can con 
veniently be removed at an intermediate pressure suit 
able for the reboil. 
This procedure offers the advantage over providing 

reboil by condensation of air or nitrogen that by taking 
oxygen at elevated pressure from the oxygen supply 
compressor a higher reboil temperature and higher 
krypton concentration in the crude primary concen 
trate can be achieved. Moreover the use of liquid oxy 
gen as re?ux gives the advantages over air or nitrogen 
that a re?ux condenser is not needed and that an in 
creased oxygen yield is obtained from the air separa 
tion plant. 
Where the compressor used for transmitting the gase 

ous oxygen product from the plant to the place of appli 
cation has not the capacity for dealing with the addi 
tional amount of recycle oxygen required for reboil and 
re?ux in the recti?cation column a separate compres 
sor would have to be provided. This would have to 
compress the requisite amount of oxygen from near at 
mospheric pressure to the pressure required at the re 
boiler Such a compressor is relatively expensive as the 
compression of oxygen also requires special safety pre 
cautions. 

ln such cases, the use of air or nitrogen in the recycle 
system would normally be more economical, in spite of 
the fact that the recti?cation column would then re 
quire a condenser. The throughput of the recycle com 
pressor would then be somewhat larger than when 
using oxygen but in view of the different thermody 
namic properties of air or nitrogen, both suction and 
delivery pressures would be higher thus reducing the 
size of the machine. This would then normally be of the 
reciprocating type. The power consumption would be 
virtually the same as for an oxygen recycle. 
The re?ux ratio can be conveniently adjusted by pro 

viding a valve in the line supplying the re?ux liquid to 
the upper part of the upper section. The valve canbe 
automatically controlled by a ratio controller between 
a ?owmeter in the re?ux supply line and a ?owmeter 
in the gaseous oxygen withdrawal line. The re?ux ratio 
also determines the requisite amount of reboil. During 
the concentration of the liquid obtained at the base of 
the lower section its boiling point, initially about 95K, 
increases. At a krypton content of 60 percent the boil 
ing point is about 105K. If an oxygen recycle is used, 
the required condensation pressure for the oxygen in 
the reboiler rises corresondingly to a maximum of 
about 4.6 bars. The rate of reboil and the re?ux oxygen 
can be kept constant‘ by controlling the condensation 
pressure, for example by "a ?owmeter in the liquid re 
?ux supply line controlling a valve in the line supplying 
gaseous oxygen to the reboiler. Alternatively the con 
densation pressure can be kept constant at its maxi 
mum value whilst the effective heat transfer area of the 
reboiler is adjusted by controlling, for example by 
means of a ?owmeter in the liquid re?ux supply line, 
the liquid level around the reboiler. The base of the 
lower section is preferably of small internal diameter 
and provided with a reboiler in the form of a block of 
the plate and tin type. In fact the volume provided for 
liquid surrounding the reboiler should be as small as 
possible, the crude primary krypton/xenon concentrate 
being a small volume relative to the volume of re?ux 
liquid. . 

Removal of oxygen and the hydrocarbons from the 
crude primary krypton/xenon concentrate yields as a 
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4 
secondary concentrate a mixture of pure krypton and 
xenon which can then be ‘separated from each other. 
For the removal of the oxygen and the residual hy 

drocarbons from the primary concentrate a hydrogen 
blowpipe is suitable. Alternatively, the hydrocarbons 
can be catalytically oxidised by copper oxide and the 
oxygen subsequently removed by reaction with manga 
nous oxide. In either case, the resulting gas mixture has 
to be dried and freed from carbon dioxide. 
The resulting secondary concentrate is a mixture of 

krypton and xenon that will normally not be suf?cienlty 
pure for sale. For ?nal purification this secondary con 
centrate is preferably condensed and fractionally vapo 
rised at 1 bar, the vapour formed being passed at about 
120°K through an adsorbent, e.g. active charcoal, silica 
gel or molecular sieve. Due to the combined separation 
effects of the fractional vapourisation and selective ad 
sorption the gas leaving the adsorber ?rst contains any 
residual constituents of low boiling point, such as nitro 
gen, argon and oxygen. This fraction is rejected until 
krypton appears at the outlet from the adsorber. A pure 
krypton fraction can thenbe collected, the‘ xenon being 
retained on the absorbent from which it can be ob 
tained by a desorption step. 
The invention also provides apparatus for recovery in 

the manner speci?ed above of krypton and xenon from 
the oxygen produced in an air separation plant. 
The trays in at least the lower section of the recti?ca 

tion column are preferably of the bubble cap type. This 
is helpful in preventing accidental mixing of the liquid 
in the lower section trays with the liquid concentrating 
at the base of the section. > 

A preferred embodiment of this invention for the 
case of an oxygen recycle is described in the following 
example with reference to the attached simpli?ed dia 
gram. This refers to a double column air separation 
plant producing 610 tons/day ofoxygen of 99.5 percent 
purity. - 

100,000 m3/h of air are compressed to 6.35 bars in 
a turbocornpressor l0 and cooled to its dew point in a 
reversing exchanger 12 by nitrogen introduced through 
a conduit 13 and oxygen introduced through a conduit 
14. The bulk of the air is passed into the lower column 
15 of an air separation plant (indicated generally by the 
numeral 16) while a balancing stream 17 is partly 
warmed in the exchanger 12 and then work expanded 
in a turbine 18 to provide the cold requirements of the 
process. The upper column '19 has a reboiler 20 operat 
ing at 1.6 bars. For the removal of the bulk ofthe acety 
lene and the other higher hydrocarbons part of the liq~ 
uid in the reboiler 20 is circulated by a pump 21 
through an adsorber 22 provided in duplicate for alter 
nate operation. 
A recti?cation column, indicated generally by the 

numeral 23, consisting of an upper section 24 and a 
lower section 26 with a reboiler 28 is linked to the 
upper column 19 by a gas conduit 25 and a liquid con 
duit 27. Any residual acetylene can if desired be re 
moved by an additional adsorber (not shown) in the 
lower section 26. 
18672 ma/h of gaseous oxygen with 4.9 vpm of kryp 

ton and 5.2 vpm of methane are passed through the 
conduit 25 from the reboiler 20 into the section 24, and 
245 m3/h of liquid oxygen with 56 vpm of krypton and 
17.4 vpm of methane are withdrawn after the adsorber 
22 from the liquid passing through it and introduced 
through the conduit 27 into the section 26. 
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21317 m“/h of gaseous oxygen containing 0.5 vpm of 
krypton and 5.4 vpm of methane leave the top of the 
section 24. The crude primary krypton/xenon mixture 
obtained ( 155 I/h measured as gas under standard con 
ditions) at the base of section 26 contains 60 percent 
krypton, 4.5 percent xenon and 1 percent methane, the 
remainder being oxygen and small amounts of residual 
heavy hydrocarbons. 
The gaseous oxygen leaving the top-of section 24 is 

warmed to near ambient temperature, l89l7 m"‘/h 
passing through the exchanger 12 and 2,400 m"‘/h 
through the exchanger 32. These two streams are then 
combined and compressed in a turbocompressor 34. 
2400 malh are then withdrawn at an intermediate pres 
sure of 4.6 bars and returned through the exchanger 32 
into the reboiler 28 and then are expanded into the top 
of the section 24 to serve as re?ux. The remaining 
18917 ms/h are further ‘compressed in the turbocom 
pressor 34 followed by a piston compressor 36 ‘to the 
required supply pressure of 30 to 40 bars. 
When using as the reboiler'a block of the plate and 

fin design in a tight circular enclosure the liquid sur 
rounding the block enriches within about one week 
under the conditions of this example to a krypton con 
tent of 60 percent by volume. 7 u 

The output of 155 litres/h of the crude primary kryp 
ton/xenon concentrate in the gaseous state corresponds 
to a liquid rate of about 0.24 litres/h. Such a small rate 
necessitates an intermittent withdrawal of the crude 
product from the sump of section 26 of the column 23. 
A weekly withdrawal yields about 40 litres of‘liquid, an 
amount which can be sent to a central station for fur 
ther processing, for example with similar batches from 
other air separation units. Alternatively, the crude pri 
mary krypton/xenon concentrate can'after compres 
sion be stored and transported in cylinders. In this case 
the liquid concentrate‘ can either be compressed by a 
pump and then vaporised, or vaporised and then com 
pressed at ambient temperature. 
We claim: ‘ ' 

l. A process for recovery of krypton and‘ xenon from 
the oxygen produced in an air separation column 
wherein 

a. gaseous oxygen freed from at least the bulk of acet- . 
ylene and the other higher hydrocarbons, is passed 
from the reboiler of the air separation column into 
a recti?cation column having an upper section and 
a lower section operating at the same pressure, the 
lower section having a reboiler at or near the base 
and the gaseous oxygen being introduced at or near 
the base of the upperisection, yielding a crude pri 
mary krypton/xenon §concentrate containing at 
least l0 percent of ‘krypton, 

b. in the upper section‘ there is employed a re?ux 
ratio within the range of l4 to 5:] sufficient to re 
move ‘substantially all of the krypton and xenon 
from the ascending vapours but too low to remove 
all of the methane, from the ascending vapours, 

. the liquid obtained at the base of the upper section 
with at least same krypton, xenon and methane 
contents as the liquid oxygen in the reboiler of the 
‘air separation column ‘is concentrated in the lower 
section to give at the base of the lower section the 
crude primary krypton/xenon concentrate having a 
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methane content substantially below the explosion 
limit and at the topof the lower section a vapour 
of relatively low krypton and xenon content which 
ascends‘ into the upper section, and 

d.‘ the gaseous oxygen is withdrawn from the top of 
the upper section and the crude primary kryp 
ton/xenon concentrate is withdrawn from the base 
of the lower section. . 

2. A process as claimed in claim 1., wherein any resid 
ual acetylene is removedrby an adsorber located in the 
lower section of the rectification column. _ 

3. A process as claimed in claim 2, wherein an addi~ 
tional reboiler is provided at an intermediate point in 
the lower section of the recti?cation column. 

4. A process as claimed in claim 1 , wherein the re 
?ux ratio is maintained within the range of about 10:l. 

5. A process as claimed in claim 1, wherein‘ a small 
portion of the liquid-oxygenfrom the reboiler‘of the air 
separation column is added to the re?ux liquid leaving 
the upper section of the recti?cation column so as to 
balance the cold losses of the recti?cation column and 
to prevent the accumulation of heavy hydrocarbons in 
the reboiler of the air separation column. 

6. A process as claimed in claim 1, wherein the reboil 
in the rectification column is provided by condensing 
gaseous oxygen, the liquid oxygen thus obtained being 
introduced into the upper part of the upper section of 
the recti?cation column to act as the re?ux. 

7. A process as claimed in claim 6, wherein the gase 
ous oxygen feeding to the recti?cation column reboiler 
is a portion of the gaseous oxygen withdrawn from the 
top of the recti?cation column and.‘ after compression 
recycled into the reboiler. ' ‘ 

8. A process as claimed in claim 1 wherein the reboil 
in the recti?cation column ‘is provided ‘by condensing 
air or nitrogen and providing a condenser in the rectifi 
cation column. . 

9. A process as claimed in claim 6, wherein the reflux 
ratio is adjusted by‘providing a valve in the line supply 
ing the re?ux liquid to the ‘upper part ofthe upper sec 
tion. ‘ u “ - V 

10. A process as claimed in claim 9, wherein the 
valve is automatically controlled by a ratio controller 
between a ?owmeter in the re?ux supply line and a 
‘?owmeter in the gaseous oxygen withdrawal line. 

11. A process as claimed in claim 1, wherein oxygen 
and residual hydrocarbons are removed from the crude 
concentrate by a hydrogen blowpipe. 

12. A process as claimed in claim 1 wherein residual 
hydrocarbons contained in the crude primary concen 
trate are catalytically oxidised by copper oxide and ox 
ygen is subsequently removed by reaction with manga 
nous oxide, and the resulting gas mixture is dried and 
freed from carbon dioxide.v ' 

13. A process as claimed in claim 1, wherein oxygen 
and residual hydrocarbons are removed from the crude 
concentrate to yield a product that is then condensed 
and fractionally vaporised at about 1 bar, the vapour 
‘formed being passed at about 120°K through an adsor 
bent. 

14. A process as claimed in claim 1, wherein the 
crude primary krypton/xenon concentrate contains 
about 60 percent krypton. 

* * *. * * 


