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PROCESS or AND APPARATUS FOR AIR 
SEPARATION WITH NITROGEN QUENCHED 

POWER TURBINE 
BACKGROUND OF THE INVENTION 

This invention relates to a process of and apparatus 
for low temperature recti?cation of air into oxygen and 
nitrogen. 
A common system for low temperature air recti?ca 

tion employs a higher pressure column having its upper 10 
end in heat exchange relation with the lower end of a 
lower pressure stage recti?cation column. Cold com 
pressed air is separated into oxygen-enriched and 
nitrogen-rich liquids in the higher pressure column and 
these liquids are transferred to the lower pressure 
column for separation into nitrogen and oxygen 
products. One of the limitations of this system is that 
the lower pressure column usually operates at slightly 
above atmospheric pressure, e.g., 25 psia., so that the 
products discharged from this column must usually be 
compressed prior to storage and/or ultimate consump 
tion. This requires a very expensive clean product com 
pression system which is in addition to the separate 
compression system for the feed air. Another disad 
vantage is that the pressure ratio of the higher to the 
lower pressure column (and in the heat exchangers 
processing ?uids from these columns) is quite high, as 
for example 3.6 (based on a temperature difference of 
3°K), when the higher pressure column operates at 90 
psia. This means that considerable power is lost in the 
system in the inevitable throttling processes between 
higher and lower pressure columns. Still another disad 
vantage of these prior art systems is the relatively large 
‘equipment, e.g., the recti?cation column, piping and 
heat exchanger passageways required to process the 25 
psia. ?uids. 
An object of this invention is to provide an improved 

method of and apparatus for air separation of the two 
pressure level (double column) recti?cation type, 
,which requires less power and smaller, less expensive 
compression equipment than prior art systems. 
Other objects and advantages of this invention will 

be apparent from the ensuing disclosure and appende 
claims. . . ' 

SUMMARY 
This invention relates to a process of and apparatus 

for low temperature recti?cation of air into oxygen and 
nitrogen. One embodiment of the process aspect of this 
invention relates to air separation by low temperature 
rectification wherein cold compressed air is separated 
into oxygen-enriched and nitrogen-‘rich liquids in a 
higher pressure recti?cation column having its upper 
end in heat exchange relation with the lower end of a 
lower pressure stage recti?cation column with the 
liquids being transferred to the lower pressure recti?ca 
tion column’for separation into nitrogen and oxygen 
products. This process isfcharacteri'zed by the steps of 
compressing the feed air to no more than 140 psia., 
dividing the compressed air into a major part and a 
minor part, and mixing the minor part as oxidant with 
fuel for burning in a combustion zone to form relatively 
hot combustion gas. Relatively cool nitrogen gas is in 
jected into this hot combustion gas in a ‘separate 
quenching zone to form an intermediate temperature 
nitrogen-enriched gas mixture at super-atmospheric 

25 
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2 
pressure, and the latter is expanded to lower pressure 
with the production of external work. Part of this exter 
nal work is recovered as the energy for the aforemen 
tioned feed air compression. Another part of this exter 
nal work is used for further compressing the major part 
of the compressed air to at least 150 psia. and sufficient 
to operate the higher pressure recti?cation column 
within a pressure range of 150-400 psia. 
The major part of the compressed air is partially 

cooled either before or after the further compression. 
Atmospheric impurities are removed from the major 
part also before or after the further compression step, 
and the cleaned air is further cooled whereupon at least 
a major part of the further cooled air is introduced to 
the higher pressure recti?cation column. The lower 
pressure recti?cation column is operated at 45-140 
psia. and suf?cient for discharging nitrogen-rich gas 
therefrom, heat exchanging at least the major part 
thereof with said cleaned further compressed air for 
partially warming said nitrogen-rich gas and providing 
part of the further cooling of the cleaned further com 
pressed air, heat exchanging the partially warmed 
nitrogen-rich gas with the major part of the compressed 
air for further warming thereof and said partially cool 
ing of the air, and employing the further warmed 
nitrogen-rich gas as the relatively cool nitrogen gas to 
be injected into the hot combustion gas. 
Oxygen product gas is discharged from the lower 

pressure recti?cation column and heat exchanged with 
the cleaned further compressed air as another part of 
the required refrigeration for further cooling this ‘air 
prior to its low temperature recti?cation. 
One embodiment of the apparatus aspect of this in 

vention is characterized by a base compressor for com 
pressing feed air ‘to ?rst super-atmospheric pressure no 
more than l4O psia., a combustion chamber and means 
for introducing fuel thereto, conduit means for flowing 
a minor part of the compressed feed air from the base 
compressor to the combustion chamber, a quenching 
chamber separate from. the combustion chamber and r . 

means for passing hot combustion gas from the latter to 
. the former. Conduit means are also provided for inject 

45 

50' 

7 feed air from the base compressor thereto for further‘ 
55 

65 

ing relatively cool nitrogen~rich gas into the hot com 
bustion gas in the quenching chamber to form an inter~ 
mediate temperature nitrogen-enriched gas mixture. A_ 
turbine is included for expanding this gas mixture to 
lower pressure so as to produce external work. First 
heat exchanger ‘means are provided vfor cooling the 
major part of .the compressed feed air. t . 

A booster compressor is also included with conduit 
means for passing the major part of the compressed 

compression to second super-atmospheric pressure of 
at least 150 psia. Rotatable shaft means join the base _ 
compressor, the booster compressor and the turbine 
expander for transferring the shaft work from the ex? 
pander to each of these compressors as the required 
energy for driving same. i ' ' ' 

Means are provided for removing atmospheric impu- ‘ 
rities from the major part of compressed feed air. 
Second heat exchanger means are used for further. 
cooling the cleaned further compressed air. 
A double recti?cation column comprises a higher 

pressure stage for operation at 150-400 psia., a lower 
pressure stage for operation at 45-140 psia. and a heat 
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exchanger joining the upper end of the higher pressure 
stage and the lower end of the lower pressure stage. 
Separate conduit means are employed for transferring 
oxygen-enriched liquid from the higher pressure stage 
lower end to the lower pressure stage, and transferring 
nitrogen-rich liquid from the upper end of the higher 
pressure stage to the lower pressure stage. 
Conduit means are included for ?owing at least a 

major part of the further cooled cleaned further com 
pressed air from the second heat exchanger means to 
the higher pressure stage of the double rectification 
column for separation therein. Other conduit means 
discharge nitrogen-rich gas from the lower pressure 
recti?cation stage and flow same to the second heat 
exchanger means for heat exchange therein with the 
cleaned further compressed air as part of said further 
cooling. Still other conduit means are used for flowing 
the partially warmed nitrogen-rich gas from the second 
heat exchanger means to the ?rst heat exchanger 
means for heat exchange therein with the major part of 
compressed feed air for said cooling thereof. Finally, 
conduit means pass further warmed nitrogen-rich gas 
from the ?rst heat exchanger means into the hot com 
bustion gas as said relatively cool nitrogen-rich gas in 
the quenching chamber. 
Conduit means are provided for discharging oxygen 

product gas from the lower pressure stage of the double 
recti?cation column and ?owing same to the second 

heat exchanger for heat exchange therein with the 
cleaned further compressed air as another part of the 
further cooling thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic ?owsheet of a complete system 
for air separation into both oxygen and nitrogen gas 
products and employing a single expansion turbine for 
product nitrogen according to one embodiment of the 
invention; 

FIG. 2 is a schematic ?owsheet of an alternative low 
temperature air separation section C for marginal 
liquid product production using two product nitrogen 
expansion turbines; 

FIG. 3 is a schematic ?owsheet of another alternative 
low temperature air separation section C characterized 
by a single nitrogen-rich liquid transfer to the lower 
pressure recti?cation nitrogen gas; ‘ 

FIG. 4 is a schematic flowsheet of still another alter 
native low temperature air separation section .C charac 
terized by work expansion of partially cooled air and by 
passing same around the recti?cation column, i.e., ex 
cess air; and 

FIG. 5 is a further alternative section C characterized 
by work expanding the major part of further cooled ai. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to the drawings and in particular FIG. 
1, the system comprises three main sections: power sec 
tion A, pre-cleanup section B and low temperature air 
separation section C. Feed air is introduced through 
conduit 10 and pressurized in ?rst base compressor 11 
to first super-atmospheric pressure as for example 97 
psia. and discharged in conduit 12. It is thereafter di 
vided into two parts, a minor part in branch conduit 13 
and a major part in conduit 14. The minor part, for ex 
ample Comprising 25 --30 percent by volume of the 
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4 
total feed air, is directed to combustion chamber 15 
along with fuel introduced through conduit 16. This 
fuel may comprise any clean burning combustible ?uid 
material as for example oil or a gas mixture including a 
combustible such as methane or carbon monoxide. Suf 
?cient air is introduced through conduit 13 to com 
bustion chamber 15 to ensure complete oxidation of 
the fuel and typically 20-30 percent stoichiometric ex 
cess of air is used for this purpose. The mixture is 
burned in chamber 15 to form a relatively hot com 
bustion gas at superatmospheric pressure and for exam 
ple 3,000°F. This hot gas is passed through conduit 16 
to quenching chamber 17 for mixing therein with rela 
tively cool nitrogen-rich gas injected therein through 
conduit 18. These gases are mixed in quenching 
chamber 17 to form an intermediate temperature gas 
mixture for example at 1,600°F., also at super-at 
mospheric pressure as for example 97 psia. The 
nitrogen-enriched gas mixture is passed through con 
duit 16 to turbine expander 19 for production of exter 
nal work and discharge therefrom at lower pressure, 
e.g. l5 psia. and lower temperature, e.g. 930°F. 
Combustion chamber 15 and quenching chamber 17 

are separate in the sense that they are at least baf?e-di 
vided. For example, the combustion chamber 15 may 
be located on the frame of the compressor-turbine as 
sembly in the form of multiple cylindrical chambers 
clustered around the compressor and discharging 
directly into the turbine blading. It is normally of all— 
metal construction and by appropriate blanketing of 
the metal with nitrogen-rich quench gas, the nitrogen 
enriched gas temperature entering expander 19 may be 
as high as 1,650°F. Alternatively, combustion chamber 
15 - quenching chamber 17 may be located separate 
from the compressor'turbine assembly frame, with the 
compressed air transported from compressor 11 to 
combustion chamber 15 - quenching chamber 17 and 
thence to turbine 19 through pipes or ducts. The off 
frame quenching chamber 17 may be lined with refrac 
tory insulation so that the highest attainable inter 
mediate temperature is lower than with metal walls and 
on the order of l',350°F. In commercially available em- - 

vbodirnents, both the combustion zone and the 
quenching zone are within the same compartment or 
chamber and are separated only by a baf?e. If the two 
zones 15 and 17 are contained within separate vessels 
connected by conduit 16 as illustrated, the latter must 
withstand the combustion temperature of 3,000°F. 
The major part of the compressed air in conduit 14 is 

partially cooled in passageway 14a of ?rst heat 
exchanger 14b to still above-ambient temperature for 
removal of its heat of compression‘ and then further 
compressed to a second super-atmospheric pressure as 
for example 335 psia. in booster air compressor. 20. 
The energy required to drive base compressor 11 and 
booster compressor 20 is provided by the shaft work 
from expander 19 with connection 21. The latter may 
include a speed-changing device such as a gear box. 
For example, two-thirds of the external work from ex 
pander 19 may be used to operate base compressor 11 
and the remaining one-third employed as energy to 
drive booster air compressor 20. Alternatively, ex 
pander 19 may be oversized in terms of the air com 
pression energy requirements for low temperature air 
separation section C, so that more external work is 
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produced than is needed for air compression energy. In 
this event, the remainder of the turbine output, availa 
ble as shaft work, may be employed by other energy 
consuming means, e.g. electric generators. Excess air 
discharged from compressor 11 may be diverted from 
conduit 12 to conduit 16 downstream combustion 
chamber 15 by conduit 12a and control valve 12b 
therein, and is not included in the air divided into major 
and minor parts by conduits l4 and 13, respectively. It 
should also be understood that although shaft coupling 
of turbine expander 19 with base compressor ll and 
booster compressor 20 is required in the apparatus of 
this invention, the external work may be indirectly 
transferred to one or both of these compressors accord 
ing to the methd of the invention. For example, the 
expander 19 may be directly coupled to an electric 
generator and the latter may in turn be electrically 
joined to driving means for the compressors. 
The heat contained in the expanded gas discharged 

from turbine 19 into conduit 22 is preferably 
recovered, as for example by heating water introduced 
through conduit 23 to boiler 24. The cooled expanded 
gas is exhausted from boiler 24 through discharge con 
duit 25 and the steam, preferably at high pressure, elg. 
600 psia. and 750°F., is discharged from boiler 24 into 
conduit'26. All or a portion of the steam may be ex 
ported through branch conduit 27. Alternatively or ad 
ditionally, steam may be work expanded in helper tur 
bine 28. The latter is preferably coupled into the power 
train through common shaft 21 to base compressor 11, 
turbine 19 and booster compressor 20. The low pres 
sure expanded steam discharged from helper turbine 
28 into conduit 29 at perhaps 420°F. may for example 
be injected into quenching chamber 17 along with the 
nitrogen gas mixture, as illustrated in FIG. 1. In this 
manner the quantity of gas required for this purpose 
from low temperature air separation section C is 
minimized. Alternatively, the low pressure expanded 
steam in conduit 29 may be condensed and recircu 
lated to boiler 24. In either instance, the work 
produced by helper ‘turbine 28 is utilized. If desired, an 
auxiliary air compressor‘ (not shown) may be joined to 
‘the power train through shaft 21 to absorb a portion of 
the work generated by the ‘train, asfor example the 
work Output of helper turbine 28. ' 
The further compressed air discharged from‘ booster 
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compressor 20 at for example 335 psia. into conduit 30 ' ' 
may be chilled for moisture condensation by conven 
tional means not illustrated, and passed to pre-cleanup 
section B for flow-through either of adsorption traps 31 
and 32 for selective adsorption of air impurities, i.e. 
B20, C02 and Cal-l2. The adsorbent may for example be 
the molecular sieve known commercially as calcium 
zeolite A. Adsorption traps 31 and 32 are piped in 
parallel flow relation with appropriate valving and in 
terconnections at the inlet and discharge ends for the 
flow sequencing to insure continuous operation. After 
loading with air impurities, the adsorption traps are 
cleaned as for example by the sequence of partial 
depressurization, heating for desorption with nitrogen 
rich gas separated in section C but ultimately to be 
wasted after use as quench gas, cooling with the same 
waste nitrogen gas, and repressurization by feed air 
from conduit 30. As illustrated, the further compressed 
air is flowed through inlet valve 33 to adsorption trap 
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6 
31 for cleaning therein, and discharged through outlet". 
valve 34a. During this period, nitrogen-rich gas from 
air separation section C is diverted by blower 34b‘ in 
conduit 34c, warmed in heater 34d for example to 
550°F. and directed into adsorption trap 32 through‘ its 
air outlet end for desorption and removal of the 
remaining impurities not desorbed during the partial 
depressurization step. The atmospheric impurity-con 
taining purge gas is discharged from the air inlet end of 
trap 32 and returned through conduit 34e to the main 
stream of nitrogen-rich gas. During the cooling step, 
the flow is the same except that the nitrogen-rich gas is 
not warmed in heater 34d and preferably enters trap 32 
at about ambient temperature. 
The cleaned further compressed air is next directed 

to second heat exchanger 35 of air separation section C 
forfurther cooling therein to a lower below-ambient 
temperature which is preferably at least 10°K above 
saturation at the existing pressure, eg about l34°K at 
320 psia. In particular, the air is introduced to 
passageway 36 therein, and is cooled by two separate 
streams of nitrogen-rich gas and oxygen product gas.‘ 
The larger nitrogen-rich gasstream is introduced to 
passageway 37 and will hereinafter be referred to as the 
nitrogen waste gas. The smaller nitrogen-rich gas 
stream is introduced to passageway 38 and will 
hereinafter be referred to as the nitrogen product gas. 
The oxygen product gas is introduced to second heat 
exchanger 35 in passageway 39. 
The further cooled air entering higher pressure ' 

column 40 is preferably superheated at least 10°K 
above saturation. This superheat flashes downwardly 
?owing oxygen-enriched liquid and thereby causes ad 
ditional upward vapor flow, improving recti?cation ef» 
?ciency. The prior art has usually cooled the feed air to 
substantially saturation temperature as this was 
deemed necessary to remove the air impurities by deep , 
cooling for near-complete deposition in reversing flow- ‘ 
type heat exchangers. In this preferred embodiment, 
the air impurities are removed by selective adsorption 
prior to the second further cooling step, as previously 
described. 
The cold air is separated intoioxygen-enriched liquid" 

which accumulates in the column lower end, and. . 
nitrogen-rich gas at the upper end._ The liquid, which 
may for example comprise about 36 percent oxygen, is 
withdrawn through transfer conduit 41 and preferably 
divided into two parts for subcooling prior to introduc~ 
tion in lower pressure recti?cation column 42. One 
part is directed to third heat exchanger 43 and 
passageway 44 therein for subcooling against colder 
work expanded product nitrogen. in passageway 45. 
The other part of the oxygen-enrichedrliquid is directed 
to fourth heat exchanger 46 and-passageway 47 therein ‘ > 
for subcooling against two colder fluids discharged 
from lower pressure recti?cation column 42: product 
nitrogen gas in passageway 48 and waste nitrogen gas in 
passageway 49; The two subcooled liquids are rejoined 
in conduit 41, throttled through valve 50 to the operat 
ing pressure of column 42, e.g. 108 psia., and in 
troduced to the column at a level intermediate the 
upper and lower ends. - 

Returning now to the operation of higher pressure 
column 40, liquid of oxygen concentration inter 
mediate the nitrogen-rich gas at the upper end and the 
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oxygen-enriched liquid at the lower end, e.g. 12 per 
cent O2, may be withdrawn therebetween and through 
transfer conduit 51. This liquid may then be subcooled 
by fifth heat exchanger 52 in passageway 53 by the 
aforementioned colder product nitrogen gas in 
passageway 54 and waste nitrogen gas in passageway 
55. The subcooled liquid is throttled through valve 56 
and fed into lower pressure recti?cation column 42 at 
an intermediate level for separation therein and as 
re?ux for the column. 
The nitrogen-rich vapor reaching the upper end of 

higher pressure column 40 may for example contain 
perhaps 10 ppm. oxygen. This vapor is directed 
through conduit 57 to heat exchanger 58 for liquefac 
tion by the oxygen-rich liquid from the lower pressure 
column which in turn is at least partially vaporized. The 
nitrogen is at the higher pressure of column 40 whereas 
the oxygen is at the lower pressure of column 42. The 
pressure ratio of the nitrogen to oxygen must be suffi 
cient to provide the temperature difference required to 
obtain the heat exchange, e.g. l°—3°KAT. 

Due‘ to the higher pressures characteristic of both 
rectification stages of this process, the pressure ratio is 
lower than normally practiced in double recti?cation 
columns for air separation, i.e. less than 3.4 (based on a 
3°KAT). As previously indicated, typical operating 
pressures for such columns at the nitrogen-rich vapor 
and oxygen-rich liquid heat exchange are 25 and 90 
psia., so that the pressure ratio is on the order of 3.6. 
The pressure across second heat exchanger 35 is also 
lower than corresponding prior art heat exchangers, so 
that the gases separated in column 42 and ?owing to 
this exchanger may not have sufficient volume to 
remove all of the air impurities in passageways by ?ow 
reversing heat exchange relationships with the com 
pressed feed air. Anotherproblem is that self-cleaning 
requires the cold end AT to be closed in reversing heat 
exchangers, but at the high pressures characteristic of 
this‘invention the difference in specific heats of the 
streams tends to spread the cold end AT widely. A 
further consideration is that reversing heat exchangers 
do not remove all the impurities from the air and cold 
end gel traps are needed'for- final puri?cation before 
the air enters. the rectification column. At the'high 
pressures of this invention, the temperature at the cold 
end of second heat exchanger 35 is considerably higher 
than in low pressure plants and substantially more im 
purity would escape freeze out in a reversing heat 
exchanger. This means that the burden placed upon 
final puri?cation would be greater and the cold end gel 
traps would be prohibitively large. Accordingly, second 
heat exchanger 35 is not the ?ow reversing type and the 
atmospheric air impurities must be removed prior to 
?owing the further compressed major part to ‘the low 
temperature air separation section C. Otherwise these 
impurities will be deposited in the low temperature 
heat exchangers and the rectification columns. This 
clean-up is accomplished in the previously described 
air clean-up section B. 
The nitrogen-rich liquid formed in heat exchanger 58 

. is divided into two portions. One part is returned 
through conduit 59 to the upper end of higher pressure 
recti?cation column 40 as re?ux, and the other is 
directed through conduit 60 ?rst to passageway 61 in 
fifth heat exchanger 52 for sub-cooling and then into 

8 
lower pressure column 42 as re?ux after throttling 
through valve 62. It should be noted that two nitrogen 
rich liquids are transferred from the higher to the lower 
pressure recti?cation column as re?ux: the lower purity 
nitrogen liquid, e.g. 88 percent N2 being introduced at 
an intermediate level through conduit 51 and the 
higher purity nitrogen liquid, e.g. over 99 percent N2 
being introduced through conduit 60 at the upper end 
of column 42 as re?ux for the top section. 
The product nitrogen gas is discharged from column 

’ 42 upper end into conduit 63 as for example 105 psia 
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and may be 99.999 percent pure. This cold stream may 
be ?owed through passageway 54 of fifth heat 
exchanger 52 for subcooling of the transfer liquid, from 
higher pressure column 40 and thereby partially 
warmed or superheated. It may then be further warmed 
in passageway 48 of fourth heat exchanger 46 by sub 
cooling oxygen-enriched liquid in passageway 47. The 
further warmed nitrogen product at about 1 l9°K is now 
preferably work expanded in turbine 64 to lower pres 
sure as for example 56 psia. and thereby recooled to 
about 104°K. The recooled product nitrogen subcools 
oxygen-enriched liquid by ?owing through passageway 
45 of third heat exchanger 43 and then is directed to 
passageway 38 for recovery of its remaining sensible 
refrigeration by the further compressed air in 
passageway 36. If required by the end use, this product 
nitrogen gas emerging from the warm end of 
passageway 38 may be recompressed by means not il 
lustrated. 
The product oxygen gas is discharged from the lower 

end of lower pressure column 42 into conduit 65 at for 
example 111 psia. and ll5°K and is directed through 
passageway 39 of second heat exchanger 35 where its 
sensible refrigeration is also recovered by the further 
compressed air in passageway 36. The warmed oxygen I 
product gas may also be recompressed if desired. 
The waste nitrogen gas is discharged from an inter 

mediate level of lower pressure column 42.into conduit 
66 and may for example comprise 92% N2 — 8% 02. 
This cold gas is partially warmed in passageway 55 of 
fifth heat exchanger 52 against the transfer liquids from 
lower pressure column 40, then further warmed in 
passageway'49 of fourth heat'exchanger 46 by subcool 
ing oxygen-enriched transfer liquid in passageway 47. 
The further warmed waste nitrogen at about I l9°K still _ 
contains considerable sensible refrigeration below am~' 
bient temperature, and this is recovered in second heat 
exchanger 35 by ?ow through passageway 37 in heat 
exchange relation with the further compressed cooling 
air in passageway 36. 
As previously described in connection with the _. 

preclean-up section B, a portion of the waste nitrogen 
discharged from second heat exchanger 35 (and 
broadly ‘described herein as nitrogen-rich gas) is 
diverted from conduit 66 by blower 34b as the purging--~ 
cooling gas for adsorption traps 31 and 32,‘ and 
returned to conduit 66 by conduit 342. ' 
The nitrogen-richer waste gas discharged from the 

preclean-up and air ‘separation sections B and C in con 
duit 66 is directed to the passageway 67 .in ?rst heat 
exchanger 14b where it partially cools the major part of 
compressed air in passageway 14a. and removes the 
heat of compression, e.g. to 265°F. Although the 
nitrogen-rich waste gas discharged from ?rst heat 
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exchanger 14b is above ambient temperatures, e.g. 
about 470°F., it is cool relative to the 3,000°F. com 
bustion gas discharged from chamber 15 into conduit 
16, and is injected therein through conduit 18 for 
quenching in the previously described manner. . 
The aforedescribed invention provides important ad 

vantages over prior art low temperature air separation 
systems. The oxygen and nitrogen gas products are 
delivered under pressure, and the cost and complexities 
of product compression are therefore greatly reduced 
or in some instances eliminated. Since the cost of 
product compression is often a large item in an air 
separation plant, the reduction of this cost by the in 
vention has a significant effect on the overall cost of the 
product. Based on the FIG. 1 embodiment, for larger 
plants this cost reduction for 98% N2 and 98% O2 is 
about 5-10 percent assuming N2 and 02 gas products 
are supplied at 50 and 100 psia. respectively. Another 
advantage of the invention is lower plant investment, 
by virtue of the‘smaller equipment required to process 
the higher pressure ?uids. Again based on a large plant, 
the FIG. 1 embodiment permits a saving on the order of 
5 percent in the initial investment. 
There are numerous modifications to the FIG. 1 em 

bodiment which have been contemplated as part of the 
invention. For example, the first heat exchanger 14b 

. for partially cooling the major part of compressed air 
and further warming the nitrogen-rich gas may be 
located in booster compressor discharge conduit 30 in 
stead of inlet conduit 14. Also, preclean-up section B 
for removing air impurities may be located in conduit 
14 upstream of booster compressor 20. 
As another modification, the air impurities could be 

removed in non-reversing ?ow type heat exchangers 
wherein the impurities are deposited in passageways 
cooled by cold gas from the system or externally sup 
plied refrigerant. For impurity deposition it is necessary 
tolcool the feed. air to the dew point of the impurity at 
the existing pressure, as is well understood by those 
skilled in the art. For continuous operation it is neces 
sary to provide duplicate non-reversing flow type heat 
exchangers so that a passageway loaded with impurities 
may be cleaned, and. a previously cleaned passageway 
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may be ‘placed in the air flow path. The impurity-loaded ' 
passageway may for example be cleaned by ?owing a 
heated purge gas therethrough in a manner analogous 
to the regenerating procedure previously described in 
connection with adsorbent traps 31 and 32. 

FIGS. 2-5 illustrate certain modi?cations of the FIG. 
1 low temperature air separation section C which could 
be employed with the FIG. 1 power section A and pre 

\ cleanup section B. Only the features different from the 
previously described air separation section C will be 
discussed, and items which correspond to FIG. 1 items 
are identified by the same numeral. The numerals at 
the end of certain conduits identify the component in 
pre-cleanup section B to which the conduit is joined. 

FIG. 2 illustrates an embodiment adapted for liquid 
oxygen production in addition to gaseous oxygen and 
nitrogen production. Product nitrogen gas discharged 
from column 42 upper end into conduit 63 is partially 
superheated to for example 1 l7°K in passageway 54 of 
fifth heat exchanger 52 and subcools the transfer 
liquids from higher pressure column 40 in passageways 
53 and 61. It is then work expanded in first turbine 70 

50 
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to slightly above saturation, as for example l0l°K and 
58 psia. Next it is resuperheated in heat exchanger 71 
and subcools a third part of the higher purity nitrogen 
liquid in passageway 72, the latter having been diverted 
from conduit 60 through conduit 73. The resuper 
heated product nitrogen is further work expanded in 
second turbine 74 before entering passageway 48 of 
fourth heat exchanger 46 for subcooling part of the ox 
ygen-enriched liquid in passageway 47. Additional 
refrigeration may be recovered from this further work 
expanded product nitrogen by flow through 
passageway .75 in heat exchanger 76 for subcooling a 
fourth part of the nitrogen-rich liquid diverted from 
conduit 60 to conduit 77 and thence to passageway 75. 
Liquid oxygen product is withdrawn from the base of 
lower pressure column 42 through conduit 79 having 
control valve 80 therein. ‘ 

In the FIG. 3 embodiment, the high purity nitrogen 
separation section at the upper end of the lower pres 
sure column 42 is eliminated',-and only one nitrogen- _ 
rich liquid is transferred to this column through conduit 
60. Nitrogen gas in conduit 63 is consecutively super 
heated in fifth heat exchanger 52 and fourth heat 
exchanger 46, then divided into two parts. One part in 
conduit 81 is directed to passageway 37 of second heat 
exchanger 35 for further cooling of the cleaned further 
compressed air in passageway 36. Another part of the 
superheated nitrogen gas is directed through branch 
conduit 82 to turbine 83 for work expansion, then resu 
perheated in passageway 45 of third heat exchanger 43 
by subcooling oxygen-enriched liquid in passageway 
44. This resuperheated gas is directed to passageway 84 
of second heat exchanger 35 where its remaining sensi 
ble refrigeration is recovered by the cleaned further 
compressed air in passageway 36, and then wasted. 

In FIG. 4, a portion of the cleaned further com 
pressed air is diverted by conduit 85' from passageway 
36 of second heat exchanger 35 at an intermediate tem- ' 
perature level. This diverted portion is expanded in tur 
bine 86 to the pressure of lower pressure column 42 
and thereafter partially rewarmed in passageway 45 'by 
subcooling oxygen-enriched liquid. in passageway 44 of 
third heat exchanger 43. This diverted work expanded 
partially rewarmed air is further rewarmed in 
passageway 87 of heat exchanger 88 by additionally 
cooling a part of the further compressed and further 
cooled air diverted from conduit 30 to branch conduit 
.89 and passageway 90. The additionally cooled air'is 
then introduced to higher pressure column 40 for 
separation. The further rewarmed expanded air emergé 
ing from heat exchanger 88 in conduit 85 joins the, 
nitrogen gas in conduit 63 to form the waste gas in con 
duit 66. In this embodiment; the compressed air ex 
panded for refrigeration is not separated in the rectifi-‘ 
cation columns but instead used. as part ‘of the 
quenching gas in heat exchanger 17., ‘ 

In the FIG. 5 embodiment, the refrigeration require 
ments of the process are developed by preliminary 
work expansion of the further cooled air before admis 
sion into the higher pressure rectification stage. In‘ this 
event, the pressure produced by compressor 20 of FIG. 
1 is significantly above the operating pressure of the 
higher pressure recti?cation stage by essentially the 
pressure difference to be maintained across the work 
expander. This pressure difference in turn depends 
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upon the refrigeration requirements,‘ for example upon 
whether liquid products are to be withdrawn and if so, 
whether the quantity of liquid products is large or 
small. This is in contrast to the previously described 
embodiments wherein the discharge pressure of com 
pressor 20 need onlyexceed the operating level of the 
higher pressure rectification stage by an amount suffi 
cient to overcome friction losses in the connecting con 
duits. 
More particularly in FIG. 5 the feed air is com 

pressed in machine 20 to a pressure between about 200 
and 700 psia., precleaned in section B and passed 
through conduit 30 to heat exchanger 35 for further 
cooling. The ?rst larger portion of this further cooled 
air is flowed through conduit 91 to work expander 93 
where its pressure is reduced to the level of the higher 
pressure recti?cation stage 40, i.e., to within the range 
150 to 400 psia. Refrigeration is thereby produced and 
the temperature of the expanded air drops further to 
near-saturation corresponding to the discharge pres 
sure. The second smaller portion of the further cooled 

' air is diverted through conduit 92 to passageway 95 of 
heat exchanger 94. It is thus further cooled and 
lique?ed by gaseous nitrogen product ?owing from 
conduit 81 to passageway 96. The lique?ed second 
smaller portion is then throttled in valve 97 to the 
operating pressure of the higher pressure recti?cation 
stage 40 and is admitted to the latter column for 
separation. 

Heat exchanger 94 contributes signi?cantly to the ef 
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ficiency of the FIG. 5 embodiment. Liquefying a por- ' 
tion of the feed air at elevated pressure stabilizes the 
temperature of the cold nitrogen entering heat 
exchanger 35 at a relatively warm level. This in turn 
stabilizes the temperature of further cooled air in con 
duit 91 entering the work expander 93 at about the 
same level. Thus, work expander 93 can be operated to 
produce maximum refrigeration. 

Additional steps for producing still more refrigera 
tion can be combined with the FIG. 5 embodiment, as 
for example the work expansion steps illustrated in 
FIGS.'l-4. However, the embodiment of FIG. 5 alone 
is capable of producing liquid product such as liquid 
oxygen withdrawn from the base of lower pressure 
rectification stage 40 through conduit 98, provided that 
the expansion ratio across turbine 93 is sufficient to 
provide the needed refrigeration. 
What is claimed is: 
1. In a process for air separation by low temperature 

~ rectification wherein cold compressed air is, separated 
‘into oxygen-enriched liquid and nitrogen-rich liquid in 
a higher pressure rectification column having its upper 
end in heat exchange relation with the lower end of a 
lower pressure stage‘ recti?cation _ column with said 
liquids being transferred to said lower pressure recti? 
cation column for separation into nitrogen and oxygen 
products, the improvement comprising: compressing 
feed air to no more than 140 psia.; dividing the com 
pressed air into a major part and a minor part; mixing 
said minor part as oxidant with fuel for burning in a 
combustion zone to form relatively hot combustion gas; 
injecting relatively cool nitrogen-rich gas into said hot 
combustion gaslin a separate quenching zone to form 
an intermediate temperature nitrogen-enriched gas 
mixture at‘ super-atmospheric pressure; expanding the 
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intermediate temperature gas mixture to_ lower pres 
sure with the production of external worki recovering 
part of said external work as the energy for said com 
pressing of feed air; partially cooling the major part of 
compressed air; further compressing said major part of 
compressed air to at least 150 psia. and sufficient to 
operate said higher pressure stage rectification column 
using another part of the external work from said ex 
panding as the energy required for said further com 
pressing; removing atmospheric impurities from said 
major part of compressed air; further cooling the 
cleaned further compressed air and introducing at least 
the major part thereof to said higher pressure rectifica 
tion column; operating the lower pressure recti?cation 
column at 45-140 psia. and suf?cient for discharging 
nitrogen-rich gas therefrom, heat exchanging at least 
the major part thereof with said cleaned further com 
pressed air for partially warming said nitrogen-rich gas 
and providing part of said further cooling of the 
cleaned further compressed air, heat exchanging the 
partially warmed nitrogen-rich gas with the major part 
of the compressed air for said partial cooling thereof 
and further warming of said nitrogen-rich gas, and em 
ploying the further warmed nitrogen-rich gas as said 
relatively cool nitrogen gas to be injected into said hot 
combustion gas; and discharging oxygen ‘product gas 
from said lower pressure recti?cation column and heat 
exchanging same with said cleaned further compressed 
air as another part of the required refrigeration for said 
further cooling. 

2. A low temperature air separation process accord- - 
ing to claim 1 wherein nitrogen product gas is 
discharged from the upper end of said lower pressure 
recti?cation column as a minor part of said nitrogen 
rich gas, work expanded to lower pressure, and heat 
exchanged with said cleaned further compressed air as 
still another part of the refrigeration for said further 
cooling. ’ ' 

3. A low temperature air separation process accord 
ing to claim 2 wherein the work expanded nitrogen 
product gas is heat exchanged with v‘said oxygen-en 
riched liquid from the lower end of said. higher pressure 
recti?cation ‘column for subcoo'ling said oxygen-en 
riched liquid, prior to said heat exchanging ,Withsaid 
cleaned further compressed air for said further cooling. 

4. A low temperature air separation process accord 
ing to claim 1 wherein all of the further cooled and- _ 
further compressed cold air is introduced to said higher 
pressure recti?cation column. 

5. A low temperature air separation process accord 
ing to claim 1 wherein the absolute pressure ratio of 
said nitrogen-rich vapor from the upper end of said 
higher pressure recti?cation column and oxygen-rich 
liquid from the lower end of said lower pressure rectifi 
cation column in said heat exchange relation is less 
than 3.4 based on a 3°KAT. 

6. A low temperature air separation process accord- I 
ing to claim 1 wherein the atmospheric impurities are 
removed from the further compressed air by selective 
adsorption thereof, the adsorbent is periodically 
regenerated by diverting a minor part of the partially 
warmed nitrogen-rich gas, heating same, passing the 
heated minor part through said adsorbent for purging 
thereof; and the atmospheric impurity-containing 
purge gas is returned to the undiverted partially 
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warmed nitrogen-rich gas for said heat exchanging with 
said major part of the compressed air. 

7. A low temperature air separation process accord 
ing to claim 1 wherein the work expanded gas mixture 
is heat exchanged with water to generate high pressure 
steam, said high pressure steam is expanded to lower 
pressure so as to produce external work, and said exter 
nal work is recovered as part of the energy required for 
the feed air compression and further compression. 

8. A low temperature air separation process accord‘ 
ing to claim 1 wherein all of said quenching of said heat 
combustion gas is provided by said relatively cool 
nitrogen-rich gas. ’ 

9. A low temperature air separation process accord 
ing to claim 7 wherein the work expanded steam is in 
jected into said quenching zone for cooling of said hot 
combustion gas along with said nitrogen~rich gas. 

10. A low temperature air separation process accord 
ing to claim 2 wherein said nitrogen product gas is work 
expanded to a first lower pressure, heat exchanged with 
a warmer liquid withdrawn from said higher pressure 
rectification column for subcooling thereof prior to in 
troduction of such liquid to said lower pressure recti? 
cation column, thereafter work expanded from said 
first lower pressure to a second lower pressure and then 
heat exchanged with another warmer liquid withdrawn 
from said higher pressure rectification column prior to 
the heat exchanging with said cleaned further ‘com 
pressed air, and wherein a product liquid is discharged 
from said lower pressure rectification column. 

11. A low temperature air separation process accord 
ing to. claim 1 wherein said further cooling of said 
cleaned further compressed air is to temperature at 
least 10°K above the saturation point thereof at the ex 
isting pressure.- 1 

12. A process for air separation by low temperature 
rectification comprising the steps of: i 

a. compressing feed air to first super-atmospheric 
pressure no more than v140 psia. using part of the 
external work from succeeding expansion (f) as 
the'energy for said compressing; 

b. dividing the compressed feed air into a major part 
and ‘a minor part, and passing said minor partto a 
combustion zone as oxidant; ‘ ' 

5 

10 

25 

45 

c. introducing fuel to said combustion zone and . 
burning same with said oxidant to form relatively 
hot combustion gas at super-atmospheric pressure; 

d. passing said relatively hot combustion gas to a 
quenching zone separate from said combustion 
zone; . 

e. injecting relatively cool nitrogen-rich gas into said 
relatively hot combustion gas in said quenching 
zone so as to mix same and form an intermediate 

temperature nitrogen~enriched gas mixture at 
super-atmospheric pressure; I 

f. expanding the intermediate temperature nitrogen 
enriched gas mixture to lower pressure so as to 
produce external work; 

g. further compressing the major part of said com 
pressed feed air from said ?rst super-atmospheric 
pressure to second super-atmospheric pressure of 
150-400 psia., and using another part of said ex 
ternal work as the energy for said further compres 
sion; 

h. partially cooling the major part of compressed air; . 
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i. removing atmospheric impurities from said major 

part of the compressed air; - 
j. further cooling the cleaned further compressed air; 
k. rectifying at least the major part of the further 
compressed cold air in a higher pressure rectifica 
tion column so as to produce oxygen-enriched 
liquid at the lower end and nitrogen~rich gas at 
pressure of 150-400 psia. at the upper end of said 
column; . 

l. heat exchanging said nitrogen-rich gas with ox 
ygen-rich liquid at pressure of45~l40 psia. so as to 
condense said nitrogen-rich gas as re?ux for said 
higher pressure rectification column and a lower 
pressure recti?cation column while simultaneously 
vaporizing said oxygen-rich liquid as vapor~ for up 
ward flow through said lower pressure recti?cation 
column; ‘ ' 

m. throttling part of the nitrogen-rich liquid from 
heat exchange (1) and said oxygen-enriched liquid 
fro to higher pressure recti?cation column to 
45-140 psia. and introducing each liquid into said 
lower pressure rectification column for rectification 
against the oxygen-rich vapor to produce said ox 
ygen-rich liquid at the column lower end and 
nitrogen-rich gas in the column upper region; 

n. discharging said nitrogen-rich gas from said lower 
pressure recti?cation column and heat exchanging 
at least the major part thereof with said cleaned 
further compressed air to partially warm said 
nitrogen-rich gas and to provide part of the 
refrigeration for further cooling (j); 

0. heat exchanging the partially warmed nitrogen 
rich gas with said major part of the compressed 
feed air as said partial cooling (h); and thereby 
further warming said nitrogen-rich gas; 

p. employing the further warmed nitrogen-rich gas 
from heat exchanging (o) as said ‘relatively cool 
nitrogen-rich gas for the injecting and mixing,(e); 
and _ ' 

q. discharging oxygen product gas from said lower 
pressure recti?cation column and'heat‘exchanging 
,same with said cleaned further compressed air as. 
an additional part of the refrigeration for further 
cooling (0- . 

13. Apparatus for air separation by low temperature 
recti?cation comprising: ‘ 

a. a base compressor for compressing feed air to first 
super~atmospheric pressure no more than [40' 
psia.; ‘ ' ' - 

b. a combustion chamber and means for introducing 
fuel thereto; 

0. conduit means for ?owing a minor part of the com 
pressed feed air from compressor (a) to com 
bustion chamber (b); 

d. a quenching chamber separate from combustion 
chamber (b) and means for passing hot coml 
bustion gas from chamber (b) thereto; ' ' i 

e. conduit means for injecting relatively cool 
nitrogen-rich gas into said hot combustion gas in 
quenching chamber (d) to form an intermediate 
temperature nitrogen-enriched gas mixture; 

f. a'turbine for expanding said intermediate tempera 
ture nitrogen-enriched gas mixture to lower pres 
sure so as to produce external work; ' ' 

‘ g. first heat exchanger means for partially cooling 
said major part of compressed feed air; 
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h. a booster compressor and conduit means for 
passing the major part of compressed feed air from 
base compressor (a) thereto for further compres 
sion thereof to second super-atmospheric pressure 
of at least 150 psia; 

. rotatable shaft means joining base compressor (a), 
booster compressor (h) and turbine expander (f) 
for'transferring the shaft work from expander (f) 
to each of compressors (a) and (h) as the required 
energy for driving same; 

j. means for removing atmospheric impurities from 
said major part of compressed feed air; 

. second heat exchanger means for further cooling 
cleaned further compressed air; 

I. a double rectification column comprising a higher 
pressure stage for operation at 140-400 psia., a 

m. 
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lower pressure stage for operation at 45-140 psia., ' 
and a heat exchanger joining the upper end of the 
higher pressure stage and the lower end of the 
lower pressure stage, separate conduit means for 
transferring‘ oxygen-enriched liquid from the 
higher pressure stage lower end to the lower pres 
sure stage and transferring nitrogen-rich liquid 
from the upper end of the higher pressure stage to 
the lower pressure stage; 

m. conduit means for ?owing at least a major part of 
the further cooled cleaned further compressed air 
from second heat exchanger means (k) to the 
higher pressure stage of column (I) for separation 
therein; 

. conduit means for discharging nitrogen-rich gas 
from the lower pressure rectification stage of 
column (1) and flowing same to second heat 
exchanger means (k) for heat exchange therein 
with said cleaned further compressed air as part of 
said further cooling; 

. conduit means for ?owing the partially warmed 
nitrogen-rich gas from second heat exchanger 
means (k) to ?rst heat exchanger means (g) for 
heat exchange therein with said major part oftcom 
pressed feed air for said partial cooling thereof; 
conduit means for passing , further warmed 

nitrogen-rich gas from ?rst heat exchanger means 
( g) to conduit injectionmeans (e) as said relative 
ly cool nitrogen-rich gas; 

. conduit means for discharging oxygen product gas 
from said lower pressure stage of column (I) at 
45-140 psia'. and ?owing same to second heat 
exchanger means (k) for heat exchange therein 
with said cleaned further compressed air as 
another part of said further cooling. 

14. Apparatus for air separation according to claim 
13 including a second turbine for expanding nitrogen 
product gas discharged from the upper end of the lower 
pressure stage of double column (I) to lower pressure 
so as to produce external work; and conduit means for 
passing the work expanded nitrogen product gas to 
second heat exchanger means (k) for heat exchange 
therein with said cleaned further compressed air as still 
another part of said further cooling. 

15. Apparatus for air separation according to claim 
14 including third heat exchanger means joined to the 
liquid transfr conduit means of (l) for subcooling at 
least part of said oxygen-enriched liquid ‘from said 
higher pressure stage lower end prior to introduction in 
said lower pressure stage of column (I), and also joined 
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to said conduit means for work expanded nitrogen 
product gas for partial warming of such gas prior to said 
passing to second heat exchanger means (k). 

16. Apparatus for air separation according to claim 
14 including fourth heat exchanger means joined to the 
liquid transfer conduit means of (l) for subcooling at 
least part of said oxygen-enriched liquid from; said 
higher pressure stage lower end prior to introduction in 
said lower pressure stage of column (I); and wherein 
?rst conduit means joined to the upper end of said 
lower pressure stage of column (1) for flowing said 
nitrogen product gas to and discharging partially 
warmed nitrogen product gas from said fourth heat 
exchanger, and second conduit means joined to an in 
termediate level of said lower pressure stage for ?owing 
nitrogen waste gas to and discharging partially warmed 
nitrogen waste gas from said fourth heat exchanger 
means comprise conduit means (n). ' 

17. Apparatus for air separation according to claim 
14 including second liquid conduit means for discharg 
ing oxygen-enriched liquid from an intermediatelevel 
of said higher pressure stage of column (I) and transfer 
ring same to an intermediate level of said lower pres 
sure stage; ?fth heat exchanger means joined to said 
second liquid conduit means and said conduit means of 
(l) for transferring nitrogen-rich liquid, for subcooling 
each of said liquids prior to introduction in said lower 
pressure stage; and wherein ?rst gas conduit means 
joined to the upper end of said lower pressure stage of 
column (1) for ?owing said nitrogen product gas to and 
discharging partially warmed nitrogen product gas 
from said ?fth heat exchanger means and to said 
second turbine, and second gas conduit means joined 
to an intermediate level of said lower pressure stage for 
flowing nitrogen waste gas to and-discharging partially 
warmed nitrogen waste gas from said ?fth heat 
exchanger means comprise conduit means (m). 

18. Apparatus for air separation according to claim 
13 wherein impurity removal means (j) comprises a 
multiplicity of selective adsorbent traps; diverting con 
duit means joined to conduit means (0) at one end and 
the cleaned air discharge ‘end of said adsorbent traps at 
the other end for ?owing partially warmed nitrogen 
rich gas thereto; gas blower means in said diverting 
conduit means; gas heater means in said diverting con 
duit means; return conduit means joined at one end to ~ ' 

conduit means (0) between said diverting conduit 
means and said ?rst exchanger means (g), and joined to 
the impurity~containing feed air inlet end of said adsor 
bent traps at the other end; and control valve means 
joined to the air inlet and discharge ends of said adsor 
bent traps arranged to-flow feed air through one trap 
for impurity adsorption and simultaneously regenerate 
at least one other trap previously loaded with impuri-' 
ties by ?ow of heated nitrogen-rich purge gas 
therethrough, and thereafter cycle the feed air and 
nitrogen-rich purge gas flows between the traps. 

19. Apparatus according to claim 13 including a 
waste heat boiler, conduit means for passing the work 
expanded nitrogen-enriched gas mixture to said boiler; 
water supply means to said boiler‘ for heat exchange 
with the gas mixture to generate high pressure steam, a 
steam turbine for expanding said high pressure steam to 
lower pressure so as to produce external work, and 
rotatable coupling means joining said steam turbine 
and rotatable shaft means (i). 
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20. Apparatus according to claim 19 including con 
duit means for ?owing the expanded lower pressure 
steam to said quenching chamber (d) for cooling of 
said hot combustion gas. 

21. A low temperature air separation process accord 
ing to claim 1 wherein a ?rst larger portion of the, 
further cooled further compressed air is work ex 
panded to the pressure of said higher pressure column, 
a second smaller portion of said further cooled further 
compressed air is still further cooled and lique?ed by 
heat exchange with said nitrogen-rich gas discharged 
from said lower pressure recti?cation column prior to 

; said heat exchanging with said cleaned further com 
pressed air, the so-lique?ed second smaller portion is 
throttled to the pressure of said higher pressure recti? 

' cation column, and the work expanded ?rst larger por 
tion and throttled liquefied second smaller portion of 
air are each introduced to said higher pressure stage 
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recti?cation column. 

22. Apparatus for air separation according to claim‘ ‘ 
13 including a turbine in conduit means (m) for ex 
panding a ?rst larger portion of said further cooled 
cleaned further compressed air to the pressure of the 
higher pressure recti?cation stage, additional heat 
exchanger means for still further cooling and liquefying 
a second smaller portion of said further cooled cleaned 
further compressed air being arranged and constructed 
in ?ow communication with conduit means (n) such 
that said nitrogen-rich gas is introduced thereto as the 
refrigerant and passed therefrom to second heat 
exchanger means (k), means for throttling the lique?ed 
second smaller portion to the pressure of the higher 
pressure recti?cation stage, and conduit means for in 
troducing the so-throttled liquid to said higher pressure 
recti?cation stage. ' 

* * * * * 


