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United States Patent O

2,836,840
METHCD FOR THE FRACTIONATION OF-AIR

Clarence J. Schilting, Allentown, Pa., assignor to ' Air "

Products, Incorporated, a corporation eof Michigan

Centinuztion of application Serial No..231,221, June 12,
1951, This application August 19, 1954, Serial No.
456,927

14 Claims. (Cl.62—175.5)

The present invention relates to an improved: method
for separating air into its components by low temperature
fractionation employing heat exchange between air to be
fractionated and the cold preducts of the fractionation.

The use of large guantities of gaseous oxygen in con-
necticn with blast furnace and steel plant operation, in
the synthesis.of liquid fuel from gascous hydrocarbons
and other manufacturing . operations is becoming of -in-
creasing Importance. Such uses require large. tonnages of
gaseous oXygen at arelatively low cost.” In the production
of gasesus oxygen, which may be either pure or impure,
air is first compressed tc an elevated pressure and then
cocled by heat exchangs with  backwardly returning cold
component gases. The cold compressed air.is separated
by liguefaction and rectification -into ‘low pressure..cold
gasecus oxygen and niirogen components, which: are re-
turaed backwardly and warmed by heat exchange with
countercurrenily flowing compressed air. ~Argon may: be
additionally separated where desirable. The cycle is.con-
tinuous and the heat exchange between the incoming com-
pressed eir and the countercurrently. flowing gaseous com-
ponents may be effected in tubular heat exchanger means
or in indirect heat exchange means, sometimes- termed
wecumuiators,  An accumulator includes a chamber filled
th heat absorbing material. A cold component gas is
flowed through the chamber to cool the heat absorbing
materizl in the chamber.
rupted and thea air is flowed in-the opposite-direction
through the chamber and cooled., The sccumulators are
operated in pairs for each compenent gas, the flow of air
and. cold component gas through .each pair. of -accumula-
tors being pericdically reversed. There may, of course. be
mcre than one pair of accumulators for each component
gas. - it will be thus appareni that the heat exchange- be-
tween the compressed air.and the countercurrently flowing
component gas is effected indirectly.

With . tubular heat exchangers, the compressed air is’

flowed along a paih or passage through the heat exchanger
in heat exchange relationship with one or. more cold com-
ponent gases flowing along- a separate path .or passage,
the heat exchange being effected through walls of. the
passages between the stream of air. and at least :one
countercurrenily flowing stream of component.gas.  The
passages need not have any - particular cross sectional
shape. the term tubular being used as a convenient term
for all forms in which heat is transferred through walls of
passages. In switching heat exchangers, the path of the
compressed air stream and path of a cold component gas
are alternated. All of these methods and apparatus for
effecting heat exchange between air and one or meore back-
wardly returning gasecus.components are broadly referred

to herein as heat interchange or heat exchange éffecting .

reiationship, and heat interchangers: or heat exchange
effecting means.

As used herein, ‘the terms “oxygea component” and
“nitrogen component” include pure oxygen or nitrogen,
respectively, and oxygen and nitrogen-rich fractions ‘of

--air, respectively. Fhe purity of ‘the component-gas will

The flow of cold .gas is inter-’
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- gaseous components of air,
- recovered separately in know

of flow of the air.

-broadly referred to as “deriming.

.not necessarily, nitrogen cemponent gas

flowed through this zone.
_gas, despite its lower pressure, does net remove all of the

with the functioning and princip!
tion.

Air contains constituents boiling at-a higher tempera-
ture than oxygen, for example, water and carbon dioxide.
When air is ceoled by heat interchange with cne or more
countercurrently flowing gasecus components, these higher
boiling-constituents are deposited in zones along the path
The removal cof these constituents from
the air prior to cocling is relatively expensive and it is
more economical to permit these constituents to be de-
posited in the accumuiator or the switching type exchanger
and thereafter remove the deposited constituents by the

countercurrently flowing component gas. In other werds,

the countercurrently flowing component gas sweeps out
the ‘higher boiling constituents. Carbon dioxide is par-
ticularly :difficuli to remove and there is.a tendency for

- the carbon dioxide to build up and clog the passage or

passages. -This removal of ~deposited constituents is
”Deriming difficulties
arise .from the relatively large temperature difference
existing between the countercurrently flowing streams in
the region of the deposits.

The carbon dioxide is deposited in the zone in which
the air is cooled to the solidification temperature of car-
bon dioxide gas. -When the component gas, usually but

gas, is flowed through
the passage in the opposite-direction, the nitrogen stream
flowing through the zone of deposit of carbon dioxide has
a lower temperature than the air stream had-when it
As a result, the component

carbon. dioxide. .Accordingty, -varicus complicated meth-
ods have been proposed for reducing the temperature
difference between the countercurrently flowing:streams of
air and component gas by increasing the effective. mass of
cooling component gas. to air in deriming and preventing
clogging of the passages.

“"When operating an oxygen plant including a plurality
of switching exchangers or accumulators, it may be neces-
sary or desirable as for the purpose of deriming. or other
reasons to operate the heat interchangers so that the tem-
perature difference between the air stream and the cooling

‘gas is less in part of the heat interchange paths than in

other parts of heat interchange paths. Where the total
range of cocling is the same, the length of the interchanger
varies inversely as the temperature difference.  Thus, the
heat interchange path for part of the air may be much
longer, for example twice as long as the heat interchange
path for cooling another portion of the air. This is unde-

_sirable.as it greatly increases the total cost of the heat
interchanger system.

It is an object of the present invention to provide
an improved method for the manufacture of oxygen in
which: the operating cycle is of extreme simplicity.

Another object of the present invention is to provide an

improved method for the manufacture of oxygen that

provides.for continuously cleaning those passages which
tend to become filled with materials solidified from the
air.

Another object of the present invention is to provide an
improved. cycle for the manufacture of oxygsn which
furnishes simultaneous compensaticn -for refrigeration
losses and deriming of the heat interchanger means.

Another, object of the present invention is to provide
an improved cycle for the marufactere of oxygen by
plural stage fractionation which utilizes nitrogen from-the
high pressure stage for the dual purpose of compensat-
ing for refrigeration losses and aiding in balancing the

- heat requirements of an interchanger in which the air



supply is refrigerated with returning cold gaseous com-
ponent.
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e to a -moderately high pressure and then refnoerated by

Another object of the present invention is to ‘provide

‘an-improved cycle for the manufacture of oxygen which
utilizes heat interchangers to -freeze impurities out of a
portion of the feed air and ‘chemical clean-up: to re-
move impurities from the remainder of the air, with
simultaneous compensation for refrigeration losses and
balancing of the heat interchange system.

Another object of the present invention is to provxde =
an improved method and apparatus for the manufacture-

of oxygen that provides for adjusting. the temperature
difference between a stream of ‘air and a countercurrently
flowing stream  of compcnent gas so that the overall
length of the heéat interchange paths may be optimum.

In accordance with the present invention, compressed
air is cooled by heat interchange with countercurrently
flowing low pressure nitrogen.component gas and oxy-
.- gen component  gas,

a low pressure stage, into low pressure oxygen and
nitrogen ccmponents. A portion of the high pressure
‘nitrogen component gas is withdrawn from the high

stream of ‘the compressed air.

ing ‘the heat interchanger means either directly or indi-
rectly by increasing the mass of cooling gas. The warmed
high pressure nitrogen component "gas ‘is then expanded
with work to supply refrigeration to the -system ‘and the
expanded - mitrogen component gas added to the low
pressure ‘nitrogen component. - Thus,. the high pressure
nitrogen component gas is used for the dual purpose of
aiding in deriming the heat interchanger path and to

overcome or balance refrigeration losses in ‘the cycle.

The refrigerated -air is separated -
by rectification in two stages, a high pressure stage and *

" - pressure stage and warmed by heat exchange with a-
In’ this warmmg step;
the high pressure nitrogen compone at gas aids in derim=-

. ponent gas,

a3

In ‘a modification, the congealable impurities are re-

moved from a portion of the air in one heat interchanger

path and the remainder of the air cleaned up chemlca]ly,_
the remainder of the air being then cooled in a second :

heat . 1nterchanger path.”. A" preponderance. of gaseous
product is relied upon to purge the first heat interchanger
. path, and high pressure nitrcgen component gas on the
- 'way to a make-up refrigeration expansion step is warmed
up in,” and thereby balances, the second heat: inter-
changer path. In addition, the relative lengths of the
heat interchanger paths may be balanced by transferring
cold gas from one heat interchanger path to another heat
interchanger path to equalize the temperature difference
- between the air and the cooling gas in these heat inter-
changers.

These and other objects and advantages will become
more readily apparent from the followmg description,
taken . with the accompanying drawings, in ‘which:

Figure 1 is a diagrammatic representation of an air-
fractionating system illustrating principles of the present
invention -with switching heat exchangers in .-which the
air supply is refrigerated' with returning nitrogen and
Oxygen components;

Figure 2 is a diagrammatic representa’uon of.a different
air fractionating system illustrating the principles. of the
present invention, with switching accumulators;

Figure 3 is a diagrammatic representation of an air

fractionating system illustrating the principles of the pres-

‘ent invention in which a dlﬁerent type of heat mter-

changer is shown;

“Figure 4 'is a diagrammatic representation of an air
fram‘.lonann‘7 system 111ustrat1no a variation of the pres-
ent invention; and,

"Figures 5 and 6 are diagrammatic GCI‘eSCHtatIODS of
systems illustrating medifications of the cycle of Figure
4, and utilize the same. reference nnmerals to mdlcate

like parts.

“- - In each-of the air fractlonatu'x0 cycles 111ustrated in the
~accompanying drawings, the ‘incoming. air is compressed
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- low pressure stage in the vaporizer condenser zene.

effecting heat exchange between the compressed air and-
returning oxygen and nitrogen component gases.  The-
refrigerated air is passed to a fractionating zone including-
a high pressure stage or section and a low pressure stage
or section separated by a veporizer condenser. zone.
The air is discharged into the high pressure section and
separated into a liquid crude oxygen fraction which is
collected at the lower ‘end of the high pressure- section. -

.'The-high pressure nitrogen fraction is collected at the

upper end of the high pressure section and is partially
condensed by heat exchange with the liquid oxygen of the
The
liquid crude. oxygen and the liquid nitrogen are passed to.-
the low pressure section’ where the liquid: crude oxygen
is fractionated .into liquid oxygen product sing the liquid
nitrogen as reflux.” Gaseous low pressure nitrogen com- -
ponent collects at the top of the low pressure section and
the liquid oxygen product collects at-the -bottom of the -
low pressure section.. Gaseous low pressure nitrogen is -
withdrawn from the top of the low pressure section and
gaseous low pressure oxygen product having the desired
degree of purity is withdrawn from the low pressure sec-
tion ‘above the vaporizer condenser zone, the low pres-

. sure component gases being then returned to refrigerate
.the incoming air stream.

In each of the systems, part
of the high pressure nitrogen.-gas collecting at the upper
end of the high pressure section is withdrawn in gaseous
form and while at this relatively high pressure is warmed
by heat exchange with. a countercurre nﬂy flowing stream
of the incoming air which air stream is being simultane-
ously cocled by heat exchange with the low pressure com-
The warmed high pressure nitrogen-gas-is
then expanded with work and mixed with the lIow pres-
sure nitrogen component-gas flowing from the low pres-
sure section of the fractwnatmg zone to-heat interchange
with the air. :
Referring to Flgure 1 of the drawmgs, air enters the
system at 10 and is substantially freed from dust.in an
air cleaner 11.- This element may be an electrostatic
precipitator, a scrubber or a simple air filter. . It is not

‘essential to remove the dust completely, but ‘only the .

coarser particles which mlght cause abrasion i n the com-
pression unit.

The cleaned air passes at 12 to a compression unlt con-
sisting of a steam turbine or other power source 14, a
first and a second stage.turbocompressor 18 and 16, a
water-cooled intercooler 17 and an aftercooler 18.:

The compressed -air leaves: the aftercooler via conduit
19 at about 100 pounds absolute and at a. temperature
about -300° Kelvin. - This conduit is branched at’ 20, -

~about:80% of the air supply passing to a header-21 and"

55

thence to the nitrogen interchangers and about 20% to
header 22 and thence to the oxygen interchangers. :
The system includes a pair of “switching” or deriming
heat interchangers 23A-—23B which are used in parallel
for cooling the larger portion of the air ‘supply by heat

‘interchange against the cold gasesus nitrogen produced

by the column. Each of these units consists generally
of a shell 24, a gaseous nitrogen passage consisting of a
plurality of tubes 25 and an auxiliary gas passage ilius-

trated as an external gas jacket 26:

65

"~ which is branched at 3¢ tc -deliver-

%

The upper ends of the: 1nterchangers communicate

- with the nitrogen manifold 27, which in turn is vented -
from the system through: a nitrogen vent pipe 28, through

a pair of reversing valves 29A-—29R. These valves are:
reciprocated  through quarter’ turns, in synchronism and
at suitable ‘intervals, by means not' shown. . With these
valves in the position shown in the figure, the right end
of air manifold 21 is closed and air passes from the left
end of the manifold - through valve 29A to .a conduit
air through conduit -
31 to the tubes of interchanger 23A and through conduit
32 to the shell of interchanger 23B. . In this position, the
left end of nitrogen. mamfold 27 is closed and the right



end is in communication with the shell of interchanger
23A through- conduit 33 and with the tubes of inter-
changer 23B through conduit 34, these conduits connect-
ing at 35. When the valves are simultanecusly reversed
in position, as by a quarter turn clockwise, the functions
of the described conduits are reversed, conduits 31 and
32 carrying vent nitrogen-and conduits 33. and 34 carry-
ing entering air.

Where tube and shell structure is used, the coupling of
the interchangers in such manner that each divided
stream flows always through the tubes of one inter-
changer and the shell of the other is important in avoid-
ing variations in resistance tc flow of low pressure gaseous
nitrogen which often accompany valve reversals when a
pair of interchangers are connected so that the flow of
nitrogen is directed first through two sets of tubes and
then through two shells.

The lower ends of the interchangers are coupled in
a similar manner to manifolds which alternately convey
air and nitrogen. Thus, manifold 36 is branched at 37 to
the tubes of interchanger 23A and at 38 to the shell of
interchanger 23B.  Manifold 39 is oppositely branched,
1. e., at 4§ to the shell of interchanger 23A and at 41 to
the tubes of interchanger 23B. These manifolds are also
branched at 42 and 43 to opposite sides of a flap valve
44, and at 45 and 46 to opposite sides of a flap valve 47.

With the reversing valves 29A—29B in the positions
shown, manifold 36 is conveying air under relatively
high pressure while manifold 39 is conveying niirogen
at a much lower pressure. The overbalancing pressure
in branch 42 swings the fiap of valve 44 to the right, as
illustrated, preventing the air from entering the opposite
manifold through branch 43 and directing it into conduit
48 which leads to the fractionating column. The flap in
valve 47 being pivoted below its center line, the excess
pressure in branch 45 tips it to the right, as illustrated,
affording a passage for nitrogen from conduit 49, leading
from the fractionating cclumn, into branch 46 and mani-
fold 3% which passes gas upwardly through the inter-
changers.

The oxygen interchangers 50A-—58B are structurally
identical with the nitrogen interchangers above described
except for the omission of the jackets 26. Air from
the compression unit passes from manifold 22 through
reversing valve 51A and branch conduits 52 and 53 to
the shell cf interchanger 58A and to the. tubes of inter-
changer 56B and through bottom connections 54 and 55,
manifold 58, branch 57, flap valve 58 and coanduit 59 to
air conduit 48 leading to the column. Oxygen in gaseous
form, withdrawn from the fractionating column through
conduit 69, fiows through flap valve 61, manifold 62 and
branches 3 and 64 to the tubes of interchanger 50A and
the shell of interchanger 59B, escaping at the upper ends
of the exchangers through conduits 65 and 66 to valve
51B, manifold 67 and product oxygen delivery pipe 8.

The fractionating column generally indicated at &9
may be any conventional or preferred two-stage columi.
In any case it consists of a high pressure section 78 and
a low pressure section 71 separated by a partition plate
and a refluxing nitrogen condenser 72. Fach of the sec-
ticns is provided with bubbleplates 73.

Liquid crude exygen collecting in a pool 74 in the base
of the high pressure section passes through a conduit 75
and an expansion valve 76 to an interchanger 77 in which
it is in counterflow heat interchange with high pressure
liquid nitrogen, the expanded crude oxygen then passing
through conduit 78 to an intermediate point in the low
pressure section.

The high pressure lignid nitrogen collecting in pool 7%
below the nitrcgen condenser passes through conduit 8%
tc the opposite side of interchanger 77 in which it is
cocled and stabilized by the expanded crude oxygen,
flowing thence through expansion valve 81 and conduit
82 to the upper end of the low pressure section.
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Gaseous, low pressure. nitrogen is withdrawn from the
top of the column through conduit.83, flowing to a jacket
84 surrounding a part of the air feed line 48, this jacket
discharging into conduit 49 above referred to as leading
to the nitrogen interchangers.

Oxygen in a desired state of purity, ordinarily 95%
or over, collects cver the head 85 of condenser 7% and
flows through conduit 86 to form a pool 87 surrounding
tubes 72. Boiling in this space in condensing high pres-
sure nitrogen vapor within the tubes, the oxygen vapor
travels through bypass 88 to the vapor space above head
8%, from which it is withdrawn-through conduit 60 and the
air-nitrogen interchanger 84 to the oxygen interchangers
as above described.

The interchangers are operated in the customary man-
ner, the warm air passing through one: side of each unit
in counterflow to one of the cold product gases until
the air passages become sufficienily founled, by the ac-
cumulation of water ice and solid carbon dioxide, to
give rise to a high pressure differential or to fall below
a predetermined heat transfer efficiency. At this point
the reversal of the valves causes the air stream to flow
through the passage previously occupied by the cold
gas, and which is clean, while the gas stream fiows
through the passage previously occupied by air, vapor-
izing and removing the ice and carbon dioxide snow.

It is 2 well known drawback to this procedure that the
total products of fractionation flowing through a cold
accumulator or its functionally- equivalent deriming in-
terchanger do not completely and dependably remove
the accumulation. of carbon. dioxide snow and water ice
from the surfaces on which they are deposited, and that
such substantially complete removal may be effected by
passing through the interchanger a quantity of cold gas
materially greater than the quantity of air from which
these deposits are accumulated.

To provide complete deriming for long peried opera-
tion, it is essential that the cold end temperature differ-
ence beiween incoming air and purging: product be 5° C.
or less. To accomplish this, it is necessary to compen-
sate for the higher specific heat of air under pressure
especially -at lower temperature. Adding quantity to
the effftuent product makes this possible by bringing the
temperature-enthalpy curves of the counterflowing gases
into. approximate parallelism.

It is not necessary that the excess cold gas be in con-
tact with the deposited solids, but only that it be in heat
interchange relation with them. In consequence there
are numerous ways in which this compensation may be
effected in any interchanger, accumulator or tubular, in
which the gas to be cooled and the gas to be heated flow
alternately through the same passage.

In the operating cycle here described the oxygen inter-
changers 56A—5¢B are provided with an excess of the
cold gas by passing through them a smaller quantity of
air than that which corresponds to the guantity of oxygen
produced, for example, say 20% of the total air supply
instead of the 21% to 22% which would correspond
with the oxygen yield.

The remainder or say 80% of the air supply passes
through the nitrogen interchangers 23A—23B and the
excess of cold gas is provided by nitrogen withdrawn in
gasecus form from the high pressure section of the
column, heated by passing through the nitrogen inter-
changer, cooled by expansion and returned at low pres-
sure to pass again through the interchanger with the low
pressure nitrogen taken from the top of the column,
thus passing twice through the step of interchange.

In more detail, a sufficient quantity of gaseous nitro-
gen, which may for example be perhaps 20% of the
total nitrogen content of the air fractionated, is with-
drawn from the dome 85 of the column cendenser 72,
carrying with it any incondensible gases which might
otherwise tend to accumulate there. The withdrawn gas,
at about 100 pounds absolute and about 100° K., passes
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" through coﬁduits 89, 90 and 91 and is equally divided

between the auxiliary gas passages 26 of the nitrogen
interchangers, in which its temperature is raised to about
145° K.; by interchange with entering warm air. These
streams, which flow continuously through the two inter-
changers in parallel and constantly from the cold to the
-warm end, are collected in conduit 94 and pass through
conduits "95 and 96 to a turbo-expander 97. During
normal operation; valve 98 in conduit 95 is open.

“In the expander 97 the pressure is reduced to about
24 pounds absolute in doing work and ths’ temperature
is thus reduced.to about 110° K. The expanded nitrogen

"~ “stream then passes through conduit 101 to mix with the

colder nitrogen stream passing through conduit 83, the
temperature of the mixed: nitrogen stream at the cold
end of the interchangers being thus raised to about 96° K

The withdrawal of as much as 20% of the total nitro-

gen made in this manner does not reduce the quantity-

of reflux-liquid sufficiently to interfere with efficient op-

eration of the low pressure column section, s¢ long as -

oxygen of the highest purity is net required.

The expander 97 is coupled with a turbo-compressor
102 or other means for- applying a power load. The
compressor is desirable as providing a steady and readily
controliable load. - 1t is illustrated as taking air through
conduit 103 and discharging it through a conduit 104
controlled by a valve 105.. If the oxygen produced by
the column is to be delivered into a pipe line at a pressure

above that available ‘at the interchanger ontlet, com-

pressor 162 may be utilized for that purpose.

It is desirable to provide a cross-over line 106 to admit
a controlled quantity of cold nitrogen into conduit 95
in- case thé temperature of the high pressure nitrogen
passing from the jackets to the expander becomes too
‘high.- This quantity is controlled by regulatlon of valve
93.

It should be noted that the drawing shows only one-

turbo-expander ‘97. This unit, expanding the withdrawn
high pressure ‘nitrogen, suffices to provide make-up re-

frigeration for the cycle but when.of proper size for -

"'that purpose is insufficient to provide refrigeration for
“starting up a warm apparatus. For this purpose it is de-
sirable to provide the expander in duplicate or even-in
" ‘triplicate to -ensure quick starts after a shut down.

- The "operating cycle above described is advantageous *
over previously disclosed ‘methods for controlling the

temperature of the cold nitrogen entering the nitrogen
) mterchangers in doing away with the sphttmg of the
air feed and with the introduction ‘of ‘air mto ‘the low
pressure - stage.

In ‘methods’ haretofore propoved a part of ‘the air

2,836,040
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risk it is desirable to withdraw continuouosly a small.

stream of liquid oxygen from the bottom of the pool,
as through valve 118, and pass this liquid downwardly
through a vaporizing coil 119 heated by the stream of
crude oxygen flowing mrough conduit 75.° The resultant
oxygen  vapor, carrying. the volatilized hydrocarbons,
passes through conduit 119A to join the stream of gaseous
oxygen ﬂowmg through conduit 60.

Figure - 2 illustrates. certain  aliernatives to the pro-'
cedure and apparatus already described: )

(«) In the substitution of indirect heat interchangers
(the so-called cold accumulaters) for the switching tubu-
lar heat interchangers of Fig. 1, a pair of ‘accumulators
being the full equivalent of a “single switching mter-
changer;

(b) In the application of the unbalancing effect to
both the nitrogen and the oxygen interchanger mstead of
to the nitrogen interchanger only

These variants may-be used in any combination, i. e.,
either or both interchangers may be unbalanced by the
high pressure nitrogen cycle, and either or both may be
of the tubular or of the accumulator type.. -

~'The modified plant-illustrated in Fig. 2 has the same .
air supplying elements,- numbered from 10 to 19 inclu-
sive, as are shown in Fig. 1, and these need not again be
descrlbed

The air- supply at a preferred pressure w‘nch for' -

example may. be -about 100 pounds absolute, passes
through- conduits 129 and 121 to four reversing -valves
122—123—124 and 125 which are functionally similar
to valves 21 and 51 of Fig. 1 and which control the flow-
of gases into and out of the upper ends of indirect heat
interchangers (“‘cold- accumulators”) 126 and 127 for
product nitrogen and 128 and 129 for oxygen, these ele=
ments having: the customary ﬁllmg .of metal exposmg an
large surface area,

With the valves in the position shown, air is flowing
downwardly through ' interchangers 126 and 128 -into
conduit 130 by which it is passed into the high pressure
section of two-stage column 131.” Column 131 is similar
to column 69 of Fig. 1 and like numerals in-each desig-:
nate the same parts. - At the same time, gaseous nitrogen -
flowing from the low pressure section .of . the column
throtigh conduit 132 is passing upwardly through inter-
changer 127 ‘and. through conduit 133 to a vent 134,
while oxygen at a desired purity, as for example 95%;,

“flows from the low pressure section of the column

cooled in the main interchangers is diverted away from

‘the high pressure section of ‘the column through an in-
terchange against a minor- stream. of product nitrogen
passing to the intérchangers or against the incoming air,
this minor stream being then expanded and introduced
into the low pressure column. - This introduction lowers
the efficiency of fractionation in the low pressure section
and the purity of the oxygen obtainable under given con-
ditions, but is most objectionable in adding greatly to

the difficulty expenenced m regulatmg the operation of

the column. .

- By applying- the heatmo effect to a small ‘part of
~the available high-pressure nitrogen and diveérting ‘it to
the interchangers ‘without entering the column, the reg-

ulation -of . nitrogen interchanger temperature-is ren-.

dered wholly independent of regulation of column: opera-
tion, -and both are simplified- w1thout loss of refmgeratwe
effect or - interference with the most desirable column
operating. conditions.
‘scribed_cycle lies in a material reduction in the s12e of
the column required.

As.is: well known, it is possible for frozen hydro-
] carbons to accumulate at the bottem of liguid oxygen
pool-87, giving rise to risk of explosion. To avoid this

A further advantage in the de-
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through conduit 135, -passes upwardly  through - infer- -
changer 129 and leaves the mterchanoer by way of con-‘—
duit 136.

On ‘moving the rotors of the control valves through
90° the gas flows are reversed,. air passing downwardly
through interchangers 127 and 129 while nitrogen flows
upwardly through interchanger 126 and oxygen through
interchanger 128. These reversals have already been de- :
scribed in detail in connection with Fig. 1.

Gaseous nitrogen -is- withdrawn froms the high pressure
section of the column through conduit 139 and is dis--
tributed by manifolds:140-—140 to the four secondary. .
passages 137—137.. This flow is constant through the-
four secondary passages in-parallel and in a direction op=.

posite to that of-air flow through the primary passages. -

- The nifrogen streams, still at: approximately: the pres-
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sure carried in the high pressure section of -the column,
are collected in- manifolds 141—141 and flow through
conduits 142 to an expansion engine 143 which may well
be a turbe-expander.- This element is loaded by a com-"

pressor 144 which may conveniently be used to.raise the - -

oxygen prcduct delivered to it through conduit 136 to -
pipe line pressure.

Tn expander 143 the high plessure gaseous mtroaen is
reduced to substantially the pressure carried in the low
pressure column section, the expanded stream passing -
through conduit 145 to join the stream of gaseous nitro-
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gen flowing through condnit 132 to the nitrogen inter-
changers 126 and 127.

It is desirable to pass air conduit 136, nitrogen con-
duit 132 and oxygen conduit 135 throngh an interchanger
164 in which the air stream is lightly cocled in impart-
ing a relatively small amount of heat to the streams of
product nitrogen and oxygen in advance of the main in-
terchanger.

As in this modification of the operating cycle the un-
balancing effect is applied to both pairs of interchangers
only as in Fig. 1, the warm air supply is divided be-
tween the two pairs of interchangers in at least approxi-
mately the proportions in which the gaseous products are
obtained from the main column.

Referring to Figure 3 of the drawings, air enters the
system at 266 and is substantiaily freed from dust in a
cleaner 261. The clean air passes through line 282 to
a compression unit including a power source 204 oper-
ating a first stage turbo-compressor 265 and a second
stage turbo-compressor 256. The air flows from the first
compressor 205 through an intercooler 207 and then
through the second turbo-compressor 266 to aftercooler
208, leaving the after-cooler 288 by way of conduit 289
and is at the desired pressure and temperature which, for
example, may be about 100 pounds absclute and 300°
Kelvin. The air passes through conduit 2¢9 to a re-
versing valve 22% which is similar to valve 29 of Figure
1 and which is used for switching the flow of cold low
pressure niirogen component gas and the flow of air
through the commoen passages of the interchangers 221
and 22. Interchangers 221 and 222 are schematically
jllustrated as the modern type in which a plurality of
passages manifolded together conduct ome gas in heat
exchange relation with similar passages for the other
products. The switching interchangers 221 and 222 are
identical and any number of interchangers may be used
far coocling the compressed air by heat exchange with the
low pressure niirogen and oxygea componenti gases re-
turning from the fractionation column. While two inter-
changers are shown, one interchanger may be sufficient
if it has a large enough capacity or more than two inter-
changers may be used.

With the switching valve 228 in the position shown,
air flows from the valve through header 224 and lines
285 and 226 ic the passageways 227 and 228 of the
interchangers. The refrigerated air flows from passages
227 and 228 through conduit 238 to valves 229 and 231,
The air pressure holds the flaps in these valves in the
biased position shown in the drawing and air flows
through valve 231 to conduit 232 which leads to the
fracticnation coluomn.

At the same time cold, low pressure unitrogen com-
ponent gas flows from condait 233 through valve 229 to
conduit 235 which supplies nitrogen component gas to
passages 237 and 238 of interchangers 221 and 222,
respectively. Thus, air is flowing downwardly through
the interchanger passages 227 and 228 in heat exchange
relationship with countercurrently flowing low pressure
nitregen component gas flowing up through passages 237
and 238. The warmed, nifrogen component gas fows
from the interchangers 221 and 222 through conduit 249
to valve 220 and then through conduit 241 and out of
the system. Conduit 241 contains a back pressure con-
trol valve 242,

When valve 220 is rotated through a quarter turm,
the flow of nitrogen component gas and air is switched
so that air then flows through conduit 248 and down
through passages 237 and 233 and nitrogen component
gas flows through conduit 23¢ and up through passages
227 and 228.

Cold, dry oxygen compeonent gas of the desired
purity flows from the low pressure section of the column
270 through conduit 245 to header 246 and then through
passages 247 and 248 of interchangers 221 and 222.
The warmed oxygen component gas flows upwardly
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from the interchangers through conduit 249 and out of
the system at 255. A back pressure control valve 251
is provided in conduit 24% for controlling the flow of
oxygen component gas. ‘iie OXygem component gas
flows continuousiy through passages 247 and 248 whereas
the periodic rotation of valve 22¢ described above causes
alternate flow of the air and nitrogen component gas
through passages 227 and 237 of interchanger 221 and
passages 228 and 238 of interchanger 222.

High pressure mitrogen gas is withdrawn from the
high pressure stage of the columa 278 through conduit
253 and fiows through conduit 256 and the passageways
257 and 258 of the interchangers. The passageways 237
and 258 are illustrated as extending through the cold
end only of the heat interchangers 221 and 222 and
the direction of flow is opposite tc that of air flow
through passages 227 and 228. This high pressure aitro-
gen siream, while substantiaily at a pressure of the high
pressure stage, flows through conduit 268 to the expan-
sion engine 26% which preferably is a turbo-expander of
the type shown and described in conumection with Figure
1. The expansion engine 261 is shown loaded by a
compressor 282 which may be used for any desirable
purpose.

In the expansion engine Z§1, the high pressure gaseous
nitrogen is expanded to substantially the pressure car-
ried in the low pressure stage of the column, for ex-
ample, 24 pounds per square inch absolute while pro-
ducing work. The expanded stream of nitrogen at a
temperature of, for exampie, 110° Kelvin flows from
the expansion engine 261 through conduit 284 to join
and warm the low pressuie nitrsgen component. gas in
conduit 233 at 263 so that the stream of gas in conduit
233 has a temperature of about 95° Kelvin.

The two stage fractionating column 279 is of con-
ventional design and includes a high pressure stage 274,
a low pressure stage 27Z, and a nifrogen condenser-oxy-
gen vaporizer 273 therebetween. In the high pressure
stage the refrigerated air under pressure which enters
the cclumn at 247 is scparated into nitrogsn compo-
nent and a crude oxygen comoonent. The oxvgen ri
liquid collects in the botiom ¢f the column in a pocl Z7S.
At the top of the high pressure stage nitrogen gas flows
up into the condenser 273 and is in heat exchange with
the pool of liquid oxygen 276 in the botiom of the low
pressure stage. The niirogen i$ partially liguefied aud
the liquefied nitrogen collects in a pool at 279, The
crude high pressure oxygen liguid flows through con-
duit 28% and expansion valve 281 to. the low pressure
stage” 272. The nitrogen liguid flows through conduit
282 and expansion valve 283 to the low pressure stage
272 to provide refiux liguid.

The low pressure. gasecus nitrogen component is with-
drawn-from' the low pressure stage through conduit 287
and while substantially at the pressure of the low pres-
sure stage, passes through a heat exchanger 288 and
then out of the heat exchanger through conduit 283 ic
conduit 233. As the low pressure nitrogen gas flows
through the heat exchanger 288§, it is in heat exchange
relationsiiip with a portion of the refrigerated air with-
drawn from conduit 232 through conduit 220. A valve
291 in conduit 2%¢ and a valve 292 in conduit 232 con-
trol the amount of zir passing through the heat ex-
changer 288. The air flows from the heat exchanger
288 through conduit 284 and is miked with the remain-
der of the air at 283, with all of the air entering the
column at 274. In heat exchanger 288 the product niire-
gen gas is warmed and the air is cooled so that the
refrigerated air discharged into the high pressure column
will be substantially at the liguefaction: temperature.

The operation of the system shown in Figure 3 an
the function of the interchangers 2231 and 222 and of the
expansion engine 261 are generally the same as set fort
in: the- description- of the apparatus of Figure i. In the
interchangers, the air is refrigerated with countercur-

.
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rently flowing low- pressure oxygen. and nitrogen com-
ponent gases.
low pressure is substantially equal to the total mass of
air flowing through the interchangers, The high pres-
sure mtrogen flowing through the cold-end of the inter-
changers increases the mass of cooling gas and acids re-
ducing the temperature difference between the air and
‘the low pressure nitrogen component gas so- that the
nitrogen component gas will sweep. out the material pre-
viously deposited in the common passages by the coun-
tercurrently flowing air. . With high pressuré nitrogen
flowing only through the cold end of the mterchanuers,
-this ‘gas is-in heat exchange with the gases in the inter-
changers only in the zone where the carboa dioxide. is
deposited from the air and not in the zone where moisture
is deposited. In practice, ‘it is the removal of the car-
bon dioxide which presents the problem, the water being
normally removed without the need of special provision
for the temperature difference reduction.

Preferably, the high pressure nitrogen is fiowed through

The total mass of component-gas at the -
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‘the. cold end of the exchangers including the -zone in .

which -carbon dioxide is deposited to reduce. the tem-
- perature difference between the air and the low pressure
nitrogen  component gas to about 5° C., or less.  The
supplemental cooling gas,
mitrogen gas, may flow backwardly the entire length of
~ the switching exchangers 221 and 222 as shown in the
case of exchangers 23A and 23B of Figure 1, but this
has the disadvantage .of increasing the length of the
heat " exchange means. Additionally, the temperature
difference can be reduced by locating the passages 257
and 258 above the position shown so that the high pres-
sure nitrogen passes only through a region on the warm
side of the zone in which carbon dioxide is deposited.
This also has the disadvantage of reducing the tempera-
‘ture difference between the air siream and the deriming
component gas streamover. a longer flow path. which in

that is, the high pressure *
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turn’ necessitates an increase in the length of the-ex- -

changers. In the systems of Figures 1 and 2, if desired,
the high pressure nitrogen can be returned through only
part of the length of the interchangers, preferably the
cold end, instead of the- entire length as shown.

The fact that the oxygen product does not act to
sweep -out the carbon dioxide and water deposits in’ this
mcdification, does not materially affect the cycle since

“this” gas is in heat exchange relation with the zomes of

deposit of  these substances. It therefore favorably in-
fluences -the temperature difference which is thé prin-
~ cipal factor in the purging phenometon.

Referring to the variation of the present invention
illustrated in Figure 4 of the drawings, air which has
been previously cleaned of dust, enters the system at 300
and at point 381 this air supply is divided; with a major
portion, for example, 67% of the air being compressed
in a pair of turbo-compressors 362 and 363. These
compressors may be actuated by any suitable power
means 304.  The air compressed to a suitable pressure,
for example; about 100 pounds per square inch absolute,

flows.from the compressors through-aftercooler 306 and
then to-a reversing valve 397. 'With the valve 307 in .
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in .the low pressure stage -of the fractionating column
flows from conduit 317, through valve 313 and line 318
to the interchanger 309, upwardly through passage 320
and leaves the interchanger. through conduit 321.. The
warmed nitrogen gas flows through conduit 321 to re-
versing valve 307, through conduit 322 and thence- out
of the system. Valve 323 controls the back pressure.
As the air flows down through passage 310 congealable
material, for example, carbon_dioxide," is deposited in
the passage. Periodically the -reversing .valve .307 is
rotated  thrcugh a quarter turn. to switch the air and
nitrogen passages so that air will flow downwardly
through passage 320 and nitrogen gas will flow upwardly
through passage 310. For reasons set out below, the up-
wardly. flowing stream:of nitrogen carries out all pre-
viously . congealed material, such as the carbon. dioxide.

Cold, dry low -pressure oxygen component gas flows
continuously from c¢onduit 324 upwardly through the
interchanger passage 325 to header 326, leaving the sys--

-tem through back pressure controlling valve 327.

In order to reduce temperature difference between the
refrigerated air and the cold component gases at the
lower end of the ‘interchanger, a larger mass of com-
ponent gas is passed upwardly through the interchanger

‘309 than the mass of air passing down through the inter-

changer. For example, about 70% of the total com-
ponent gases may be passed upwardly through the inter-
changer to cool-about 67% of the air. This 70% of
component gas may bes made up of 70% of the nitrogen
component produced from all of the air and 70% of the'"
oxygen component gas produced from all of the air or
the nitrogen and.oxygen components may be present in "~
different ratios. with limits. If it be assumed that 100
pounds of air is to be fractionated in the system, then 67
pounds of the air will be cooled by heat exchange with
70 pounds of component gas. This 70 pounds of com-
ponent gas may, for example, comprise .56 pounds of
nitrogen component and 14 pounds. of oxygen or may
comprise 60 pounds - of . nitrogen component -and 10
pounds. of oxygen component or may. consist of 70
pounds of nltrogen component.. The nitrogen- com-
ponent must be - in- sufficient quantity to accomplish a
purging - action " at -the efficient temperature différence
with which the interchanger is designed to operate. . With
the relatitvely larger mass of component gas flowing up
through the interchanger, the nitrogen will completely
remove the deposited congealable materials, particularly

- the carbon  dioxide.
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the position shown, compressed air flows through a con-

duit 398 to an mterchanger 399 and flows down through
~-interchanger passage 310, being cooled therein by heat
exchange with cold component gas returning from -the
fractlonatmg column 315. The refrigerated air leaves
ke bottom of the interchanger- through conduit 311, In
ﬂap valves 312 and 313, which are ‘thé same as the valves
44 and 47 shown in Figure 1, the air under pressure
" biases the flaps of the valves so that the refrigerated air
flows through valve 312 to-conduit 314 and then to the
two- stage frac tronatmg column 315.
- 'With the reversing valve 307 in the position shown,
cold-and dry nitrogen component gas at a-low pressure

: suost'mtml'y the same as the low pressure malntamed !
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70:

A minor. portion of the air to be fractlonated in the

‘system, for example, 33% of the air is compressed by

the turbo-compressor 328, driven by power means 328’; -
and . then cooled in -the. aftercooler 329. The cooled
compressed air flows through a carbon dlo,ﬂde-rernovmg
unit 330 in which the carbon dioxide is reduced ‘to un-
objectionable proportlons by chemical means. From the
unit 339 the minor portion of air flows through conduit
331 to reversing valve 332, With the reversmg valve .
332 in the position shown, the compressed: air flows to

- interchanger 333 and down through interchanger passage .

334 to the conduit 335.  As the air flows through “the
interchanger 333, it is cooled by heat exchange with
component gases flowing backwardly from the frac-
tionating: column 315. The refrigerated compressed air
holds the flaps of valves 336 and 337 in the position
shown so that the zair flows through valve 336- and con-
duit 338 to conduit 314, where this minor portion of the
refrigerated air is mixed ‘with ‘the major portion -of re-
frigerated air from- interchanger 339 before ﬂowmg to
the column 315. ’
Cold, low pressure nitrogen component gas ﬂows frorn
conduit 317 through valve 337 and conduit 339. to- inter-
changer 333." The nitrogen component gas flows through
passage 340 in heat exchange relafionship with the air
stream flowing through passage 334.. The warmed nitro- .
gen gas leaves the upper end of the mterchanger and -
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flows fhrough conduit 341 to reversing valve 332 and
then through back pressure conirol valve 342 and out
of the system.

Cold oxygen component gas flows continuously from
condait 324 up throngh passage 343 of interchanger 333
and the warmed oxygen zas Izaves the interchanger passing
to header 326 and out of the system through valve 327
along with the oxygen warmed in interchanger 309.

The valve 332 is a reversing valve and the flow of
air and nitrogen through passages 334 and 340 is re-
versed in the same manner as described in conmnection
with interchanger 39%. It is to be noted that the air
flowing through interchanger 333 has previously been

_cleaned of carbon dioxide gas so the nitrogen leaving the

system at 341 is relatively pure and does mnot contain
carbon dioxide. However, this nitrogen will contain
water vapor since this part of the air has not previously
“peen treated to remove all of the water. For this reason
interchanger 333 is switched. .

About 30% of the component gases flow up through
interchanger 333 in heat exchange with about 33% of
the total amount of air. Thus, the mass of air cooled in
interchanger 333 is larger than the mass of low pressure
component gases flowing up through the interchanger.
In order to cool the air in interchanger 333 to about the
same temperature that the air is cooled in interchanger
308, high pressure mnitrogen gas is withdrawn from the
high pressure section of column 315 through conduit
345. The high pressure nitrogen gas at substantially the
same pressure as that of the high pressure stage of the
fractionating column, flows through passageway 346 in
heat exchange relationship with the air flowing through
interchanger 331. The warmed high pressure mitrogen
flows from the passageway 346 through conduit 347 to
the expansion engine 348. In the expansion engine the
high pressure mitrogen is expanded with work to about
the pressure of the low pressure stage of the fractionat-
ing column. The expansion engine 348 is loaded by any
means, such as compressor unit 349. The expanded
nitrogen gas flows through conduit 358 to join the low
pressure nitrogen component gas at 351 and increase the
amount of nitrogen component gas flowing through con-
duit 317 so that the amount of nitrogen component gas
flowing through conduit 317 at this point is equal to the
total amount of mitrogen component gas separated from
all of the air.

The fractionating column 315 includes a low pressure
stage 352 and a high pressure stage 353. This column
is operated in substantially the same manner as the col-
umn described in connection with Figure 3 and is there-
fore not described again in detail. Like numerals in the
columns of Figures 3 and 4 designate the same parts
therecf. The low pressure nitrogen component leaves the
low pressure stage through condnit 354 and passes
through a heat interchanger 355 in heat exchange rela-
tionship with 2 portion of the zir stream diverted from
conduit 314 through condvit 356 to the heat exchanger
355. The ccoled air passes from the exchanger 355 to
conduit 357 and is mixed with the air in conduit 314
at point 359, with all of the air being discharged into the
column at 368. The pair of valves 358—358 in lines
314 and 356 serve to control the proportion of air di-
verted. The warmed nitrogen component gas leaves
the exchanger 355 through conduit 369 and is mixed
with the expanded nitrogen at point 351.

As previously pointed out the air for interchanger 333
is treated to remove the carbon dicxzide. Preferably the
interchanger 333 is a switching interchanger of the type
shown and described as the air deposits ice in the pas-
sages at a point relatively close to the warm end of the
interchanger and above passage 346. Water is rela-
tively easily removed by the low pressure nitrogen com-
ponent gas and the passage 346 need not extend into
that section of the interchanger in which the water is
deposited.
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In the cycle of Figure 4, as pointed out above, the
air is divided and, for example, about 67% of the-air is
cooled in exchanger 392 by heat exchange with about
70% of the gasecus components. Abocut 33% of the
incoming air is treated to remove the carbon dioxide and
then is cooled in heat exchanger 333 by heat exchange
with about 30% of the returning product gases and with
the high pressure nitrogen. ‘The latter is thus warmsad up
te about 113° ¥. and then expanded. As an illustration,
he mass of the high pressure nitrogen withdrawn from
-esure stage may be equal to about 30%

ths mass of the high pressure nitrogen is equal to about
9.9% of the mass of the total incoming air. In exchanger
: o relarvely larger mass of Jow pressure component
gas than air being cooled flows backwardly through the
entire length of the heat exchanger so the temperatore
difference between the air and the countercurrently flow-
ing component gas is telatively small throughout the
entire length of the heat exchanger. In the heat ex-
changer 333, and particularly the upper portica thereof,
the temperature difference between the air and ihe rela-
tively smaller mass of countercurresntly flowing compo-
nent’ gas is relatively large. For a given total range of
air cooling, the length of an exchanger of a given type
will vary inversely as the temperature difference. Thus,
the exchanger 362 must be longer than the exchanger
333. For example, the exchanger 3¢5 might be 30 feet
long, while the exchanger 333 would be 15 feet long.
Particularly, in large oxygen plants, it is desirable o use
a large number of similar exchangers ccnnected in paral-
lel. For example, instead of one heat exchanger 389, it
might be necessary to use ten similar exchangers ar-
ranged in parallel. A like quantity of heat exchangers
233 would be-used. In designing an oxygen plant, it is
desirable- to have the heat interchangers of uniform
length.

Figures 5 and 6 illusirate modification of a porticn of
the cycle showa in Figure 4 in which it is possible to
balance the refrigeration requirement and the water and
carbon- dicxide clean up problems for any size plant o
as to equalize the length of the exchangers.

Referring more particularly to Figure 5, part of the
air stream is diverted from conduit 331 and flows through
conduit 355 to heat interchanger 389 where the air flows
through passage 386 in the upper warm end of the inter-
changer. The air flowing through passage 386 is cooled
by- heat exchange with cold component gases flowing up
through the interchanger. The partially cooled air flows
from passage 366 through conduit 367 to reversing valve
253 and with the valve 388 in the positicn shown, the
partially cooled air flows from valve 368 through
conduit 369 and is discharged into passage 334 of heat
interchanger 333 at point 3780 where the air cecled in
exchanger 389 mixes with the remainder of the air which
has entered the heat exchanger 333 through conduit 331,

When the reversing valve 350 is turned to reverse the
interchanger, the valve 368 is also turned so that the par-
tially ccoled air flows from conduit 367 to reversin
valve 388 and conduit 371 so as to enter passage 34
at point 372.

With the arrangement shown in Figure 5, some of the
refrigeration available in the cold component gas flowing
up through interchanger 309 is utilized in cooling the
portion of the air flowing through heat interchanger 333.
The air is cooled in the warm end of heat interchanger
289 so as not to affect the conditions in the cold end
of the interchanger in which the carbon dicxide is alter-
nately deposited and removed. With this arrangement
the temperature difference is increased in the warm end
of exchanger 399 and decreased in the warm end of
exchanger 333 which decreases the required length of
exchanger 399 and increases the required length of ex-
changer 333.

@
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. Refemng more particularly to Figure 6, the heat inter-
changer 333 is provided with a heat exchange passage
374. Passages 31§ and 320 of heat exchanger 302 are
connected through -conduits 375 and 376 fo reversing
valve 378. - With valve 378 in the position shown, cold
low pressure nitrogen component gas flows from passage

329 through conduit 376, valve 378 and conduit 379 to:

‘passage 374.  This cold nitrogen component -gas flows
through passage 374 in heat exchange relationship with
the air: stream flowing dowawardly through heat inter-

-~ ~changer 333 and leaves the system through conduit 380.

‘When - interchanger 3892 is reversed by - rotating valve
" 3¢7, valve 378 is also rotated so that nitrogen gas flows

from passage 319 toc conduit 375 and valve 378 to conduit
37%. -The low pressure nitrogen component gas may be
withdrawn from heat interchanger 349 at any suitable
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point but should be withdrawn at a point above the car- -

bon dioxide depositing zone adjacent the lower cold end

of the interchanger so as not o decrease ‘the mass of
low pressure nitrogen component gas flowing through the

_interchanger- to sweep out the previously deposned car-
bon dioxide.

In the modlﬁcatlons of Figures 5 and 6 refrigeration
is' transferred from heat interchanger 389 to  the -heat
interchanger 333. )
creases the temperature difference in the upper end of
interchanger 399 and decreases the temperature difference
in the upper end of interchanger 333. Increasing the
temperature difference in interchanger 349 decreases the

length of interchanger required while decreasing the tem-.

perature difference in interchanger 333 has the opposite
effect. Thus, the interchanger 369 and 333 can be readily
balanced so as preferably to have the same length. - Thus,
- if -in' the arrangement shown in Figure 4 interchanger
349 has a length of 30 feet and interchanger 333 has a
length of 15 feet, then in either Figures S or 6 the length
of the interchangers may be balanced so that they all
have: a length of about 20 feet. - As a large number of
such interchangers are usually connected in -parallel,
balancing the lengths of the interchangers is a very im-
portant feature.
© Removing some of the low pressure mtrogen com-
ponent gas from-a. point about midway, or higher, of
interchanger 389 as is shown in Figurs 6, reduces the
amount of refrigeration available for cooling the down-
coming strecam of compressed air. -Accordingly, -instead
of passing about 70% of the component gases-into. the
lower -end and then up through interchanger 399 to
cool about 67% of the air, a somewhat larger amount
of -the compoenent gases is passed into interchanger 309.
~-For example, about 72% of the component gases. is
passed into the lower end of the interchanger 389 which
leaves about
changer 333.. Then about 5% of the low pressure
‘nitrogen component gas is withdrawn as shown in Fig-
ure 6 and passed through a portion of heat interchanger
333 so that in the upper end of heat interchanger 309,
67% -of the air is in heat exchange with about 67% of
the component gases.  In the upper end of heat-inter-
- changer 333, 33% of the air is in heat exchange rela-
© tionship "'xth 33% of the component - gases. Similar
results are obtained when air is used to-transfer refngera—
tion as shown in Figure 5. It is-understood that in the
upper ¢énd’ of interchanger 389 the mass of air is in-
creased and in the upper end of interchanger 333 the
mass-of air is_decreased to bring the mass of air and
component gases into, or more nearly into, balance.
Tn each of the systems shown and descnbed, the sys-
tem is operated continuously and the air is refrigerated

by being flowed through interchanger means in one direc- - *

‘tion and in heat exchange relationship with- countercur-
. rently flowing low press
pressure Oxygen- component .gases.” - The low pressure
component gases- are warmed by abstracting heat from
the air. In addition a stream- of nitrogen gas is with-

This transfer of refrigeration in- 2
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drawn from .the high pressure stage of the two stage
fractionating column and continuously passed through the
heat interchange means in heat exchange -relationship
with' a-countercurrently flowing stream of air so that
heat. is simultaneously . abstracted from this stream of

air by the high pressure nitrogen stream and at least one . -

stream of low pressure component gas. The warming of
the high pressure nitrogen stream with its subsequent ex-
pansion and addition to the low pressure nitrogen -com-
ponent stream flowing from - the low pressure stage of
the fractionating column compensates for refrigeration :
losses. in the -system. In addition, the “high pressure
nitrogen -stream - flowing . through the heat interchange.

means aids directly or indirectly in deriming the heat

interchanger passage or passages through which an' and
nitrogen are alternately passed.

-In each of the systems shown and descnbed the com—
pressed air is.refrigerated by heat mterchange with the -
lower pressure oxygen and nltrogen gases and in carry-
ing out this interchange, air is flowed along a path and .
cooled by flowing at least one of the cold, low pressure -

component gases-in heat ex chang\, effecting relationship. - '

throughout the length of this air path. . The supplemental
path’ of the high pressure nifrogen also is in heat ex-
change effecting relationship. with at least a portion of
this air path. In Figure 1, part of the air is flowed along
this path which has at least a portion in heat exchange
effecting .. relationship with the supplemental path.  In
Figure 3, for example, all of the air is flowed along the -
above-mentioned ' air- path.” - The. air .path which has
at least a portion in heat exchange effecting relationship

~with the supplemental path of the high pressure nitrogen -

may be in one or more sections. For example, if there
is only one exchanger 221 in the system - shown in

Figure 3, then the air path.is.in one section, whéreas,

if the system includes a number of exchangers, then the

air path is divided into the same. number of parallel sec-
tions or paths. The term “path” includes a. path which
consists of oné section or which consists of a number of
similar sections or parallel lengths of paths.

This application is a continning application of appli:
cant’s copending application Serial No. 231,221 of June
1951, now abandoned. = Application -Serial No.
231,221 is 'a continuation-in-part "application . of -appli-. -
cant’s application Serial No. 753,286 of June' 18, 1947
which is now United States Patent 2,626, 510 of J anuary
27,1953, ’

~Tclaim:

1. In the continuous fractlonatmg of air into com-
ponents in’ which compressed air including congealable
impurities is refrigerated by heat-interchange ‘with - cold
product gas and supplied to-a fracticnating operation
including a high pressure separation zone and a low pres-
sure separation zone, during cne pericd of the heat in-
terchange compressed air near ambient temperature being
passed in ome direction through a first path in heat ex--
change effecting relationship with ¢old product gas to cool
the compressed air to a temperature below the solidifi-
cation temperature of the congealable impurities so that
congealable impurities are refmoved from the compressed
air and deposited in the colder portion of the first path,
during another period of the heat interchange the com-
pressed air being passed in the. one direction through a
second path and & ‘stream of sweeping cold product gas
being passed in the opposite direction through the first
path the difference in the specific heat of the compressed
air and the specific fieat of product gas in heat exchange )
effecting relationship therewith progressively mcreasmg
along the heat interchange in the direction of air flow so
that with equal masses of compressed air and cold prod--
uct in heat ‘exchange effecting relationship therewith
the congealable  impurities' deposited in-the first path
would niot be completely sublimed by the stream of sweep-
ing cold product gas flowing through the first path, the

" method-comprising withdrawing cold high pressure nitros
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gen component gas from the high pressure separation
zome, passing withdrawn high pressure nitrogen com-
ponent gas substantially at the high pressure through a
supplemental path in an opposite direction to that. of
the compressed air in the first path, the supplemental
path being in heat exchange effecting relationship with
at least the colder portion of the first path, expanding
warmed high pressure nitrogen component gas from the
supplemental path, and adding expanded mitrogen gas
to cold nitrogen component gas flowing to the heat inter-
change, the mass of the high pressure nitrogen component
gas passing through the supplemental path being con-
trolled so as to constifute the sole medium for compen-
sating for said difference in specific heats to the extent
necessary to reduce the temperature difference of the
compressed air and the stream of sweeping cold product
gas at the cold end of the heat interchange to 5° C. or
less, whereby the siream of sweeping cold product gas
flowing through the first path substantially completely
sublimes the deposited congealable impurities.

2. The method claimed in claim 1 in which the high
pressure nitrogen component gas is expanded with work
and the high pressure nitrogen component gas entering
the expansion step is at a temperature above that at
which liquid will be formed in the expansion step.

3. The method claimed in claima 1 in which the sup-
plemental path is in heat exchange effecting relationship
with all the air being refrigerated.

4, The method claimed in claim 1 in which the heat
interchange is carried out in a plurality of parallel paths
for the compressed air, the plurality of paths including
the first claimed path, the supplemental path is in heat
exchange effecting relationship with less than all the
parallel paths, and the mass of the portion of the com-
pressed air in heat exchange effecting relationship with
the supplemental path is greater than the mass of cold
product gas in heat exchange effecting relationship with
said portion of the compressed air, and the mass of the
cold high pressure nitrogen component gas passed through
the supplemental path is controlled to compensate for the
mass unbalance between the compressed air and cold pred-
uct gas as well as for the said difference in specific heats.

5. The method claimed in claim 1 in which the cold
product gas comprises cold oxygen component gas and
the cold nitrogen component gas flowing to the inter-
changer and in which the cold nitrogen component gas
comprises the sweeping gas, during the one period of
the heat interchange compressed air near ambient tem-
perature being passed in one direction through the first
path in heat exchange effecting relationship with cold
nitrogen component gas being passed in an opposite di-
rection through a second path and in heat exchange ef-
fecting relationship with cold oxygen component gas
being passed in the opposite direction through a third
path, and during the other period of the heat inter-
change the compressed air being passed in the one di-
rection through the second path in heat exchange effecting
relationship with cold nitrogen component gas being
passed in the opposite direction through the first path
and in heat exchange effecting relationship with cold oxy-
gen component gas being passed in the opposite direc-
tion through the third path.

6. The method claimed in claim 5 in which the high
pressure nitrogen is expanded with work and the high
pressure nitrogen entering the expansion step is at a tem-
perature above that at which liquid will be formed in
the expansion step.

7. The method claimed in claim 1 in which the cold
product gas and the sweeping gas comprise a cold gaseous
product of the fractionating operation and in which the
expanded nitrogen gas is added to the cold gaseous prod-
uct flowing to the heat interchange.

8. The method claimed in claim 7 in which the high
pressure nitrogen is expanded with work and the high
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pressure nitrogen entering the expansion step is at a tem- 75

perature above that at which liquid will be formed in the
expansion step.

9. The method claimed in claim 1 in which the cold
product gas and the sweeping gas comprise cold dry
gaseous mitrogen, in which the nitrogen gas is expanded
to substantially the pressure of the low pressure separa-
tion zone, in which the cold nitrogen component gas is
produced in the low pressure separation zone and in
which the cold nitrogen component gas and the expanded’
nitrogen gas added thereto provide the cold dry gaseous
nitrogen.

10. The method of substantially continuously deriming
a tubular heat interchanger arranged to supply refriger-
ated air to a two-stage fractionating column and having
two primary passages through each of which compressed
air including carbon dioxide and cold gaseous nitrogen
are passed alternately in opposite directions and a sec-
ondary passage in heat exchange effecting relationship
with the primary passages, the compressed air passing
through the heat interchanger being cooled to a tempera-
ture below the solidification temperature of carbon di-
oxide so that the carbon dioxide is removed from the
compressed air and alternately deposited in the colder.
portien of the primary passages, the difference in the
specific heat of the compressed air and the specific heat
of the cold gaseous nitrogen alternately passed through the
primary passages progressively increasing in the direc-
tion of air flow through the heat interchanger so that
with equal masses of compressed -air and cold gaseous
nitrogen in heat exchange effecting relationship there-
with the carbon dioxide alternately deposited in the
primary passages would not be completely sublimed by
the cold gaseous nitrogen alternately flowing through the
primary passages, the method comprising the steps of
withdrawing high pressure nitrogen gas from the high
pressure column stage, passing withdrawn high pressure
nifrogen gas through the secondary passage, expanding
warmed high pressure nitrogen gas from the secondary
passage, withdrawing low pressure nitrogen gas from the
lew pressure column stage, and adding expanded uitro-
gen gas to withdrawn low pressure nitrogen gas to pro-.
vide the cold gaseous nitrogen, the mass of the high pres-
sure nitrogen gas passing through the secondary passage
being controlled so as to constitute the sole medium for
compensating for said difference in specific heats to the
extent necessary to reduce the temperature difference of
the compressed air and the cold gaseous nitrogen at the.
cold end of the heat interchanger to 5° C. or less, where-
by the stream of cold gaseous nitrogen substantially
completely sublimes the deposited carbon dioxide.

11. The method of substantially continuously deriming
a pair of heat interchangers arranged to supply refrig-
erated air to a two-stage fractionating column, each of
said heat interchangers having a primary passage through
which compressed air including carbon dioxide and cold
dry nitrogen are passed alternately in opposite directions
and a secondary passage in heat exchange effecting rela-
tionship with the primary passage, the compressed air
passing alternately through the primary passages of the
heat interchangers being cooled to a temperature below
the solidification temperature of carbon dioxide so that
the carbon dioxide is removed from the compressed air
and alternately deposited in the colder portion of the
primary passages, the difference in the specific heats of
the compressed air and the cold dry nitrogen alternately
passed in opposite directions through the primary pas-
sages progressively increasing in the direction of air flow
so that with equal masses of compressed air and cold
dry mitrogen the carbon dioxide deposited in the primary
passages would not be completely sublimed by the cold
éry nitrogen alternately passing through the primary pas-
sages, the method comprising the steps of withdrawing
high pressure nitrogen gas from the high pressure column
stage, dividing withdrawn high pressure nitrogen gas and
passing the divided streams at substantially the high pres-
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- sure through the secondary passages of the heat inter-
changers; recombmmg ‘high pressure nitrogen gas from
the secondary passages,. expanding .combined high pres-
sure’ mtrogen gas to substantlaﬂy the pressure of the
low pressure column stage,- withdrawing low pressure
nitrogen: gas from- the low pressure column stage and
adding-expanded gas to the low pressure nitrogen gas
to provide the cold dry mitrogen, the mass of the high
pressure nitrogen-gas-passing through the secondary pas-
sages being controlled so as to constitute the sole medium
for? compensating for said-difference in specific heats to
the extent necessary to reduce the temperature difference
of ‘the compressed air and ‘the cold dry nitrogen at the
- cold ends- of the’ heat interchangers fo- 5° C. or less,

- whereby the cold dry nitrogen alternately passing through

. the primary ‘passages substantially completely sublimes
the’deposited carbon dioxide: -
_ ©.12.'The method of substanﬂally continuously deriming
heat interchangers of the type in which a high pressure
stream of cold gas containing congealable vapors and
a low pressure stream-of cold gas free from said vapors
are passed alternately and in opposite’ directions through
a primary. heat interchanging passage and which have a
secondary passage through which a gas may be passed
in heat exchange effecting. relanonshlp with the gases in
the prxmary passage, the warm. gas upon passing through
the primary passage being cooled to a temperature below
the solidification temperature of the vapors so that the

vapors are congealed and removed from the warm gas'

and deposited in the primary passage, the difference in
the specific. heats of the high pressure stream of warm

gas and the low pressure stream of cold gas passed :

alternately and in- opposite -directions ‘through - the pn-

mary heat interchanging passage progressively increasing .
.~ along the primary passage in the direction of flow of the -
" - high pressure stream of warm -gas so that with equal

masses of high pressure warm gas and low pressure cold

gas the congealable vapors deposited in the primary pas-
sage would “not be removed by the low pressure cold
gas, 'the: method comprising the steps of providing a
stream ‘of cold gas at a relatively high pressure approxi-
mating that of the warm gas; passing a controlled amount
of the stream of relatively high pressure cold gas through
the secondary passage, expanding warmed relativély high
pressure gas from the secondary passage to a pressure
approximating that of the, low. pressure.cold gas, and
adding expanded gas to the low pressure cold gas flowing
to the primary passage, the mass of ‘the relatively high
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pressure cold gas passing. through the the secondary pas-
sage being controlled so as to constitute the sole medium
for .compensating ‘for said- difference in :specific heats
to the extent necessary to reduce the temperature differ-
ence of the high pressure warm -gas and the low pressure
cold gas at the cold end of the heat interchanger to
5° C. or less, whereby the low pressure cold gas passing
through the primary passage substannally completely
sublimes the congealed vapors depos1tcd in the primary
passage. : :

13. The method clalmed in claim 1 in which the com-
pressed air is divided into first and second portions and
the product gas comprises oxygen product and nitrogen
product of the fractionating operation, in which the heat .
mfercnange includes the step of flowing cxygen product
in heat exchange eﬁ’ectmg relationship with the first por-
tion of the compressed aif -of which the mass is mate-
rially less than the mass of the oxygen preduct and the
step of flowing nitrogen product in heat exchange effecting
relanonshlp with the second portion of the compressed
air, in which the supplemental path is in heat exchange
effecting relanonshlp with the second portion of the com-
plessed air and in-which the mass of the high pressure
nitrogen gas in the supplemental path compensates for
the mass unbalance between the second portion of the
coripressed air and the nitrogen product as well as for
the difference in. specific heats of the mtrogen product
and the second portion of the compressed air.

14. The method as defined in claim 11 in which the
high pressure nitrogen gas from the supplemental path is
cxpanded with work and the expanded aitrogen -is added .
to the nitrogen product flowing to the heat interchanger. .’
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