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1

This invention relates to the production of
oxygen by the liguefaction and rectification of
air, and more particularly to the operation of
the usual two-stage rectification column and asso-
ciated heat exchangers.

All temperatures herein given are in degrees
. and pressures are in pounds per square inch
gauge.

Oxygen is commonly produced by partial ligue-~
faction of air and rectification at low tempera-
tures; preferably rectification is conducted in two
stages at different pressures. 'The refrigeration
necessary for liquefaction is supplied to the air
after it has been compressed and water-cooled
to approximately room temperature, by indirect
heat exchange with the effluent products of recti-
fication. However, an additional amount of
refrigeration must be supplied to compensate for
cold losses resulting from the difference in en-
thalpy tetween the incoming air and the outgoing
products of rectification and for heat leaks into
the system. DMethods of supplying this refriger-
ation heretofore used, involve compressing at least
a portion of the incoming air to pressures as high
as 3000 pounds and expanding with or without
the performance of work to produce s tempera-~
ture drop; or compressing all the incoming air
to about 600 pounds and after the air has been
partially cocled by the products of rectification
expanding a portion of the air.
are wasteful from the standpoint of compressor
energy and regquire a great deal of equipment in
the form of extra compressors, intercoolers and
expanders.

For econcmical operation it is essential to
recover the cold content of the outgoing products
of rectification. This is usually accomplished by
passing these products in heat transfer relation-
ship with the incoming air. In clder systems in
order to avoid deposition of frost and solid car-
bon dioxide in the tubular countercurrent heat
exchangers through which the air is passed in
indirect heat exchange relation with the outgoing
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products of rectification, the air is treated in dri- -

ers and caustic scrubbers to remove water and
carbon dioxide prior to admittance of the air
into the heat exchangers. Even with this treat-
ment the exchangers had toe be thawed out regu-
larly to remove the frost (which term is used in
a generic sense to include both snow and ice)
which caused stopping up of the apparatus.
MMore recently it has been suggasted to use cold
accumulators or regenerators (hereinafter re-
ferred to as healt exchangers) of large coid ab-
sorking capacity through which the warm incom-
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ing air and the cold products of rectification are
alternately passed with periodically reversed
operation so that streams of warm air are flowed
through the same packing-filled spaces as the
cold separated oxygen and nitrogen traversed
during the previous step in the process, the high
boiling impurities deposited in these spaces dur-
ing the passage of air therethrough being removed
by sublimstion during the subsequent flow in a
reverse direction of the products of rectification.
The use of these reversing heat exchangers in a
process in which the air is compressed to rela-
tively high pressure results in more costly opera-
tion from the standpoint of horsepower require-
ments because upon every reversal, which may
take place every three minutes, the volume of
compressed air in the heat exchangers is lost
and must be again replaced.

In copending application Serial No. 632 859
filed December 5, 1945, there is disclosed and
claimed a process for producing oxygen by ligue-
faction and rectification of air involving the flow
of air at about 70 to about 85 pounds at a tem-
perature of about 70° to about 110° F. through
the heat exchange paths of two or more reversing
heat exchangers in series, each exchanger con-
taining two other paths through which are passed
respectively streams of oxygen and nitrogen prod-
ucts of rectification in heat exchange relation
with the air passing therethrough. The air
stream flowing from the first exchanger to the
second is refrigerated either by an external refrig-
erant or by expanding s minor portion of the
total air introduced infto the process, say from
5% to 10%, preferably about 7%, to produce
refrigeration which is imparted either to the
remainder of the air prior to its flow through the
second exchanger or to the rectification products
prior to their flow through the first heat ex-
changer, the amount of cold thus introduced into
the process being adequate to compensate for
cold losses resulting from the difference in en-
thalpy between the air introduced into and the
products of rectification withdrawn from the
process and for heat leaks into the system. The
ternperature conditions in the first exchanger are
such that substantially all moisture present in
the air is removed therefrom in the form of frost.
The temperature conditions in the second ex-
changer are such as to effect substantially com-
plete removal of carbon dioxide from the air in
its passage therethrough.

At the colder end of the second exchanger
where the oxygen and nitrogen products of recti~
fication enfer and air leaves the exchanger, there
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is maintained between these products of recfoiﬁ-
. cation and the countercurrent stream of air a
temperature difference in the range of about 5°
to about 10° F., preferably about 8° to about 8° F.
This temperature difference is the difference bhe-
tween the temperature of the air and the weighted
average temperature of the products of rectifica-
tion, all temperatures being taken at the colder
end of the second exchanger. The weighted aver-
age temperature of the products of rectification
is calculated by multiplying the temperature of
the oxygen product stream by the volume per-
centage of the stream hased on the combined
volume of the products of rectification and add-
ing thereto the corresponding figure cbtained by
multiplying the temperature of the nitrogen
product stream by its volume percentage. -Thus,
for example, if the rectification system is oper-
ated to produce two streams of substantially pure
oxygen and pure nitrogen, the weighted average
temperature of the two streams would be approxi-~
-mately the sum of 20% of the oxygen stream tem-
perature and 80% of the nitrogen stream tem-
perature. Periodically the flow of air and nitro-
gen through their respsctive paths in the two
exchangers is reversed so that upon reversal the
air flows through the paths in the two exchangers
through which during the preceding step the
nitrogen had passed and the nifrogen’ Sows
through the paths in the two exchangers through
which had previously passed the air. The nitro-
gen removes, by sublimation, the carbon dioxide
deposited during the preceding step in the second
exchanger and the frost deposited during the pre-
ceding step in the first exchanger.

Operating in this manner complete purging of
carbon dioxide is attained upon each reversal of
flow. Likewise complete purging of frost is ob-
tained so that the equipment may be operated
continuously. _

From about 1% to about 15% by volume of the
total nitrogen introduced into the process is con-
tinuously withdrawn from the high-pressure stage
of the rectification system in the form of a nitro-
gen stream containing incondensibles such as
hydrogen, helium and neon, this stream of nitro~
gen expanded to lower its temperature and the
expanded stream then employed to supply refrig-
eration to the nitrogen and oxvgen employed as
reflux in the low-pressure siage of the rectifica-
tion system and preferably also to supply refrig-
eration to the air introduced in the high-pressure
stage of the rectification systemn thus increasing
the efficiency of the operation of the rectificaticn
system. Preferably a portion of the nitrogen thus
withdrawn from the high-pressure stage of the
rectification system is passed through a heat ex-
changer in which the nitrogen is heated some-
what and then mixed with the remainder of the
nitrogen thus withdrawn thereby increasing the
temperature, preferably not more than 20° F., of
the nitrogen introduced into the expander so that
no liguid nitrogen is formed within the expander;
consequently, improvement in the efficiency of
the operation of the expander is effected.

This invention is directed to the species of the
invention disclosed in the aforesaid copending
application Serial No. 632,859 invelving the re-
frigeration of ome of the streams flowing be~
tween a first heat exchanger zone and a second
heat exchanger zone by expanding a minor por-
tion of the total air introduced into the process
to produce refrigeration which is imparted either
to the remainder of the air prior to its flow
through the second heat exchanger zone or to
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4
the rectification products prior to their flow
through the first heat exchanger zone in com-
kination with the removal of incondensibles, such
as hydrogen, helium and neon, from the rectifica-
tion system by expanding from about 1% to about
15% by volume of the total nitrogen introduced
into the process and employing the expanded
stream to supply refrigeration to the nitrogen
and oxygen employed as reflux in the low-pres-
sure stage of the rectification system and pref-

-erably also-to supply refrigeration to the air

intrcduced into the high-pressure stage of the
rectification system, thus increasing the efficiency
of the operation of the rectification system.

In accordance with this invention a stream of
air at about 70 to about 85 pounds gauge and a
temperature of about 70° to about 116° F. is passed
through paths in at least two heat exchangers in
series each of which exchangers contains at least
three paths in heat exchange relation with each
other, strecams of oxygen and nitrogen producis
of rectification ave passed through two other
paths in the exchangers in heat exchange rela-
tion with the air passing therethrough, a minor
portion of the air, say from about 5% to about
18% by volume, preferably about 7%, is expanded
and the refrigeration thus produced imparted to
at least one of the streams during its flow be-
tween the first exchanger and the second ex-
changer. The flow of air, nitrogen and oxygen
are regulated so that the temperature within the
second exchanger is such as to effect substan~
tially compiete removal of carbon dioxide from
the air in its passage through this exchanger and
the difference between the temperature of the
air and the weighted average temperature of the
nitrogen and oxygen at the colder end of the sec~
ond exchanger falls within the range of about 5°
to about 15° . The air from the second ex~
changer is passed through a rectification system.
comprising g high-pressure stage and a low-pres~
sure stage, a minor portion cf the nitrogen is
withdrawn from the high-pressure stage and ex-
panded to cool the same and the cold thus pro-
duced imparted to the rectification products en-
tering the low-pressure stage; thus increasing the
efficiency of the operation of the rectification sys-
tem. - Periodically the fiow of air and nitrogen
through their respective paths in the two ex-
changers is rzversed, the air upon reversal fiow-
ing through the paths through which had pre-
viously flowed the nitrogen and the nitrogen fiow-
ing through the paths through which had pre-
viously flowed the air so that upon each reversal
the nitrogen substantially compietely removes the
carbon dioxide deposited in the second exchanger
and the frost deposited in the first exchanger
during the preceding step of the process.

" In the preferred embodiment illustrated in the
drawing, the single Agure of which illustrates dia-
grammatically a preferred layout of apparatus
for practising the process of this invention, the
equipment shown for the practice of the process
involves a pair of heat exchangers having there-
between an expansion engine or turbine o ex-

5 pand s portion of the air and the present deserip-

tion will be confined to the present illustrated em-
bodiment. of the invention. It will be under-
stocd, however, that ithe process may be carried
out in other equipment, for example, each of the
two exchangers in series may be replaced by two.
or more smaller exchangers placed in series
and/or parallel, if desired, although this is ch~

“jectionable from the standpoint of increasing:

construction costs, or the number of heat ex-
change paths in each exchanger may be increased
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over the 3-path construetion shown in the draw-
ing.  Hence, the scope of the invention is not con-
fined to the embodiment herein described.:

In the drawing reference character {0 indicates
a heat exchanger which may be of any well-
known type. In the embodiment shown on the
drawings it consists of a single shell in which are

"provided three paths, namely, interior path f{f
which flows . in one and the same direction
throughout the operation of the exchanger the
oxygen product of rectification.. Paths 12 and 12
are provided within the shell of the exchanger
through which pericdically flow air and the ni-
trogen product of rectification in heat exchange
relation with each other and with the oxygen.
The heat exchanger has in each of the paths suit-
able fins of heat-conducting material, e. g., cop-
per, promoiing rapid and efficient heat exchange
between the gaseous media flowing therethrough.
As the construction of tie heat exchanger per se
does not form part of this invention and as it
may be of any well-known type, it is belisved
further description thereof is unnecessary.

The flow of the air and nitrogen through their
respective -paths is periodically reversed so that
during one step of the process air flows through
path {2 gnd nitrogen through path 13, and upon
reversal, during the succeeding step air flows
through path {3 and nitrogen through path (2.

Reversal of flow is accomplished by suitably
positioning the compound reversing valves i4 and
15 which may be of any well-known type. Valve
14 is disposed in the pipe line system consisting
of air inlet pipe 1§ leading into valve (4, and
pipe lines 17 and {8 leading from the valve to
paths 12 and {3, respectively. At the base of the
heat exchanger 10 lines {2 and 20 are pesitionzd
leading from paths {2 and (3, respectively, to the
valve 15,

A second heat exchanger 21 is prov1ded in the
form. of a shell having therein paths 22, 23 and
24 provided with fins to promote heat exchange
as in the case of the exchanger {0. Path 24 is
the path through which the oxygen product of
rectification flows from the rectification system
hereinafter described to a pipe line 25 which com-
municates with path ! of heat exchanger 10.
The base portions of paths 22 and 23 of heat ex-
changer 2{ communicate with pipe lines 26 and
27, respectively, which are communicably connect~

ed with a compound valve 28 which may be of ¢

the same type ss valves 14 and 15. At the upper
portions paths 22 and 22 communicate respec-
tively with lines 28 and 28 which in turn com-
municate with a compound reversing valve 31
which may be of the same type as the cther re-
versing valves. )

Reversing exchangers i€ and 21 may be placed
in vertical, horizontal or any other desired posi-
tion. Likewise, when these exchangers are ar-
ranged vertically, the colder end may be above
or below the warmer end.

Compressed air flows from valve {5 to an ex-
pansion engine or turbine 32, which may be of
any conventional type, through line 33, branch
33a and valve 33h. By controlling valve 38b,
the air flowing thrcugh line 33 is divided into
two streams, one stream representing about 7%
of the compressed air passing through the ex-~
pander 32 and then flowing through line 8¢ into

the nitrogen stream line § hereinafter described.

The remaining 93% of the air continues to flow
through line 33 which communicates with com-
pound valve 28.

With the arrangement of valves and piping

shown flow of nifroger and air through heat
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0 .
exchangers I8 and 2i may be periodically re-
versed, say every three minutes, so that during an
initial period of operation air fiows through path
12, through line 19, valve i5, line 33, valve 28,
line 26, path 22 in heat exchanger 2{ into the
pipe line 29, valve 31 and thence to line 34 lead-
ing to the non-reversing heat exchanger 35 which
communicates with the rectification system here-
inafter described. At the same time, nitrogen
flows through pipe line 38 leading from the non-
reversing heat exchanger &5 into valve 31, line
30, through path 23 in heat exchanger 21, through
line 21, valve 28, line 9, valve {5, pipe line 20,
path 18 in heat exchanger [0, leaving this path
through pipe line 18 and passing through valve
14 to the atmosphere or other suitable disposal
point. Upon reversal (as shown by dotted arrows
and valve settings), the air flows through valve
{4, line 18, path I3, pipe line 20, valve {5, line
33, valve 28, pipe line 27, and thence through
the path 23, leaving this path through pipe line
36 and passing through valve 2f and pipe line
34 into the non-reversing exchanger 35. At the
same time, the nitrogen flows from heat ex-
changer 35 through pipe line 36 into valve 31,
thence through pipe line 29, path 22 in heat ex-
changer 21, pipe line 28, valve 28, line 9, valve
15, line 19 into path 12, thence through line 17
into valve 14 and thence to the atmosphere or
other suitable disposal point. It will be under-
stood from 5% to 10% by volume of the air,
preferably about 7%, leaving exchanger 19 is
passed through expander 32, the expanded air
mixing with the nitrogen stream flowing through
line 9 and in the flow of the nitrogen stream
through exchanger 10 refrigeration is thus im-
parted to the air stieam fAowing from exchanger
10 to exchanger 21.

The rectification system desmably comprises a
two-~stage rectification eolumn 37, the lower sec-
tion 38 of which is cperated at a pressure of about
72 pounds gauge and the upper section 38 of
which is operated at a pressure of from about 4
pounds to about 10 pounds gauge, preferably at
about 5 pounds gauge. 'This column as is custom-
ary is provided with rectification plates of the
bubble-cap or other desired type. The lower sec-
tion 38 of the column 3% communicates with
a condenser 49 and has a liquid collecting shelf
41 disposed immediately below the condenser 48
for collecting liquid nitrogen. Pipe line 42 leads
from. this shelf 41 to a non-reversing heat ex-
changer 43 which in turn communicates through
a pressure reducing valve 44 with the top por-
tion of the upper.section 39 as indicated by the
reference character 45, Condenser 48 acts as a
reboiler for the upper section 38 of the columa
37.

From the base portion of the lower section 38
a pipe line 48 for the flow of crude oxygen (con-
taining approximately 40% oxygen) passes to a
non-reversing heat exchanger 47 which com-

. municates with pipe line 48 having a pressure re-

[
[

ducing valve 48 therein with the low-pressure
section 39 at an intermediate point indicated by
the reference character 58. Line 5t leads from
the top of the condenser 48 and has a regulating
valve 52 therein. This line communicates with
an expander 32 which discharges by way of line
8§34 into linz B4 hereinafter. described. Pref-
erably, there is also provided a branch line 58
having a regulating valve 59 and leading to a
path 60 disposed in heat exchanger 2f in indirect
heat- exchange relation with the oxygen, nitro-
gen and air passing through the other three paths
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~4in this exc¢hanger 21. A line 6! leads from
path 60 back to line 5i. Regulating valves 52
and 59 disposed in lines 51 and 58, respectively,
regulate the portions of the nitrogen stream fiow-
ing from the condenser 40 which are passed di-~
rectly to expander 52 and indirectly through path
60 of exchanger 21.

By the arrangement of lines hereinabove de-
scribed a minor portion of the total nitrogen in-
troduced into the process passes through line
51 and, preferably, of the portion thus with-
drawn a minor portion, say about 10%, passes
through line 58, path 88 and line &1 entering the
line 5i where it mixes with the remainder of the
nitrogen withdrawn from the condenser 43. The
portion of nitrogen passing through path 86 is
warmed up by indirect heat exchange, and by
mixing with the remainder of the nitrogen, the
stream entering expander 53 is at a temperature
sufficient to avoid condensation or formation of
liquid nitrogen in the expander. In a preferred
embodiment of the invention from about 1% to
about 15% by voiume of the total nitrogen in-
troduced into the process and confaining in-
condensibles, such as hydrogen, helium and neoxn,
is passed through line 5{ and of this quantity
about 10% by volume passes through heating
zone 698 and 90% by volume continues through
line 5i. ‘

The nitrogen stream refrigerated as a result of
the expansion flows from the expander %3 to a
line 53¢ which meets line 54 conveying the nitro-
‘gen stream leaving the top of low-pressure sec-
tion 3%. The mixture then flows through heat
exchanger 43 in indirect heat exchange relation
with the nitrogen passing through this exchanger

‘and thereafter flowing through reducing valve 44,

into the top portion of low-pressure section 38
as indicated by the reference character 45. ¥From
heat exchanger £3 the mixXed nitrogen stream
flows through line 85 into and through heat ex-
changer 47 where it flows in indirect heat ex-
change relation with the crude oxygen flowing
therethrough to low-pressure section 39. From
the heat exchanger 47 the mixed nitrogen stream
passes through line 58 into and through heat ex-
changer 35 where it passes in indirect heat ex-
change relation with zir flowing intc and from
this exchanger by way of line 34. From the heat
exchanger 35 the nitrogen stream flows through
line 38 into a compound valve 31, thence through
path 22 or 23, as the case may he, of heat ex-
changer 21, through valves 28 and {5 connected by
line 8, then through path 12 or i3 of heat ex-
changer {8 and finally through compound valve
14 to the atmosphere; the flow through path 12
or 13 of heat exchanger {8 depending upon the
setting of valves {4 and 15 and the flow through
path 22 or 23 of heat exchanger 21 depending
upon the setting of valves 28 and 31 as herein-
above described in connection with the operation
of these reversing heat exchangers.

The heat exchangers 88, 43 and 47 and the two-
stage fractionating column 37 may be of any con-
ventional type. Two separate fractionating
columns, suitably interconnected, may be used in
place of the two-stage column 37 shown. It will
be understoed that the equipment throughout is
heat insulated to minimize loss of cold.

One example of the operation of the process

of this invention is described below. It will be
undersitood this example is given for purposes of
exemplification only and the invention is not
limited thereto.

Air under pressure of about 75 pounds gauge
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and temperature of about 100° F. is supplied
through line 16, valve 14 and line IT to heat ex-
changer 10, flowing through path 12 in which it
is cooled to a temperature of —80° F', Of the air
flowing through valve 15, 7% by volume is ex-
panded in engine 32, the pressure of the expanded
air being about 5 pounds and its temperature
—215° F. This cold expanded air discharges into
line § conveying nitrogen at a temperature of
—83.1° P, from exchanger 21 to exchanger 10 and
on mixing with the nitrogen lowers its tempera-
ture to —92.1° F. The remainder of the air at a
temperature of —80° F. passes through path 22
in heat exchanger 2! leaving this path at a tem-
perature of —275° F. Substantially all moisture
is removed in the form of frost in path 12 of heat
exchanger 10 and all carbon dioxide is removed
in a solidified form in path 22 of heat exchanger
2{. 'The air then flows through the heat ex-
changer 35 in heat exchange relation with nitro-
gen and enters high-pressure column 38 at a tem-
perature of —278° F., and a pressure of 72 pounds.

Crude oxygen at a temperature of —280° F. and
2 pressure of 72 pounds leaves the base of
column 38, flows through heat exchanger 47
where its temperature is reduced to-—289° F.
and upon flow through the pressure reducing
valve 48 is flashed, entering Iow-pressure column
2% at a temperature of —310° to —315° F. and a
pressure of 5 pounds.  Pure oxygen is withdrawn
through line 57 at a temperature of —292.5° F.
and a pressure of 5 pounds and flows through
path 24, its temperature being increased to
—83.1° ¥, the oxygen at this temperature enter-
ing path t{ of heat exchanger 10 and being with~
drawn from this path at a temperature of 90° F.
and at a pressure of one pound.

Nntrogen at a temperature of about —286.5° I,
and a pressure of 72 pounds in amount equal to
12.5% Dby volume of the total nitrogen introduced
into the process is withdrawn through line 5. Of
the nitrogen flowing through line 51, 10% passes
through line 58 and heating path 60, its tem-
perature being increased to —83.1° ¥. The re-
maining 90% of the nitrogen fiows through valve
52 in line 5f and is mixed with the other 10%
nitrogen, the temperature of the mixture being
about —273° F. The nitrogen stream leaving the
expander 53 is abt a pressure of 5 pounds and a
temperature of —315° F. The expanded nitrogen
flows through line 53a and becomes mixed with
nitrogen at a temperature of —315.5° F. and a
pressure of 5 pounds flowing through line 54.
The resultant nitrogen stream passes through ex-
changer 43 in indirect heat exchange relation
with nitrogen employed as reflux in column 39, its
temperature being thereby increased to —306° F.
while the temperature of nitrogen Sfowing
through line 42 (pressure of 72 pounds) and ex-
changer 48 is reduced to —300° F. - This nitrogen
by expansion through valve 44 hag its pressure re-
duced to 5 pounds and its temperature to
—315.,5° F. The nitrogen product of rectification
then flows through heat exchanger 47 where its
temperature is increased to —293° F. The crude
oxygen stream flowing through exchanger 47 is
thereby cooled from a temperature of —280° P,
to a temperature of —289° F. 'The nitrogen then
flows through exchanger 35 in heat exchange
relation with the air, the nitrogen stream tem-
perature being thereby increased to —279° F. at
which temperature it enters the heat exchanger
21, flows therethrough and is thereby heated to
—83.1° F. At the colder end of the heat ex-

changer 24, the nitrogen and the oxygen streams
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have a weighted average temperature of nearly
—282° F, while at this point the air is at a tem-
perature of —275° P. A temperature difference
of about 7° F. is therefore maintained. It will be
noted that at the point where the air enters and
the oxygen and nitrogen leave the heat exchanger
21 the difference in temperature is approximately
3° P, the air being at a temperature of —80° F.
and the oxygen and nitrogen at —83.1° F.

From heat exchanger 21 the nitrogen flows
through heat exchanger 10 where it is heated to
90° F. The nitrogen at this temperature and a
pressure slightly above atmospheric, say one
pound gauge, may be vented to the atmosphere
thereby venting the incondensibles, such as hy-
drogen, helium and neon, removed from the high-
pressure stage of the rectification system.

The desired oxygen product is withdrawn
through line 57 at a temperature of -292.5° 7.
and pressure of 5 pounds, flows through heat ex~
changer 21 where its temperature is increased to
-83.1° F. and then through heat exchanger i9
where its temperature is increased to 80° F. The
oxygen leaves exchanger 10 at a pressure of one
pound.

Upon reversal (as shown by dotted arrows and
valve settings), which may take place every three
minutes, the air flows through paths {2 and 23,
respectively, of heat exchangers 18§ and 2i and
nitrogen flows through paths 12 and 22, re-
spectively, of heat exchangers 18 and 21. The
flow is otherwise substantially the same and the
temperature and pressure conditions remain the
same. The nitrogen in its flow through path 22
of heat exchanger 2i removes by sublimation the
carbon dioxide deposited in this path by the air
during the preceding step. Likewise the nitrogsn
in its flow through path 12 of heat exchanger 18
removes from this path the frost deposited there-
in from the air during the preceding step. Thus
in the continued operation upon each reversal the
nitrogen effects removal of the carbon dioxide
and frost deposited in the paths through which
the air had passed during the preceding step of
the process.

Operating in accordance with this invention
it is found possible to recover from 90% to 95%
of the oxygen content introduced into the recti-
fication system in the form of substantially pure
oxygen and at the same time effect continuous
purging from the high-pressure stage of the recti~
fication system of the incondensible constituents,
such as hydrogen, helium and neon. Further the
purging is carried out so as to increase the efii-
ciency of the rectification system in that the
nitrogen stream containing the incondensibles
is expanded and the refrigeration thus produced
employed to cool the reflux oxygen and nitrogen
introduced into the low~pressure stage and the air
introduced into the high-pressure stage.

It will be noted this invention provides a process
for producing oxygen of high purity without the
use of chemical agents, which process may be
operated continuously over a long period of time
without shut-downs for the purpose of removing
solid carbon - dioxide or frost, which process is
economical to operate, particularly in that the
refrigeration which must be supplied to compen-
sate for cold losses resulting from the difference
in enthalpy between incoming air and the out-
going products of rectification and for heat leaks
into the system is supplied at a point in the

process where the temperatures are relatively

high so that it can be supplied efficiently and
economically, and which process effects con-
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10
tinuous purging from .the high-pressutre stage
of the rectification system of the incondensible
constituents, such as hydrogen, helium and neon,
so as to increase the efficiency of the rectifica-
tion system.

The expression “reversal” is used herein in the
sense commonly employed in this art, namely, to
mean the switching of the flew of the air and
the nitrogen streams, so that upon each “re-
versal” the air flows through the path through
which had previously flowed the nitrogen, and the -
nitrogen flows through the path through which
had previously flowed the air.

ince certain changes may be made in carrying
out the above process without departing from
the scope of the invention, it is intended that
all matter contained in the above description shall
be interpreted as illustrative and not in a limiting-
sense.

What is claimed is:

1. A process for producing oxygen by the lique-
faction and rectification of air, which comprises,
bassing a stream of air at about 70 to about 85
pounds gauge through a path in at least two zones
in series, each of said zones containing at least
three paths in heat exchange relation with each
other, passing respectively streams of oxygen and
nitrogen products of rectification through two
other paths in said zones in heat exchange rela-
tion with the air passing therethrough, expanding
a minor portion of the air and imparting the re-
frigeration thus produced to at least one of said
streams during its flow between the first zone
and & second zone, regulating the flow of air,
nifrogen and oxygen into and from said second
zone so that the difference between the tempera-
ture of the air and the weighted average tempera-~
ture of the nitrogen and oxygen at the colder end
of said zone falls within the range of about 5°
to about 10° F, and the temperature at the colder
end of said zone is such as to effect substantially
complete removal of carbon dioxide from the air
in its passage through its path in said zone,
passing the air from the second zone to a recti-
fication system comprising a high-pressure stage

and a low-pressure stage, withdrawing a minor

portion of the nitrogen from the high-pressure
stage, expanding the nitrogen thus withdrawn to

cool the same, imparting the cold of the expanded

nitrogen stream to theé rectification products en~

tering the low-pressure stage and to the air

entering the high-pressure stage, and periodically

reversing the flow of air and nitrogen through

their respective paths in said zones, the air upon

reversal flowing through the paths through which :
had previously flowed the nitrogen and the nitro-

gen flowing through the paths through which had

previously flowed the air, whereby upon each re-

versal the nitrogen substantially completely re-

meves the carben dioxide deposited in said second

zone during the preceding step of the process.

2. A process for producing oxygen by the lique-
faction and rectification of air, which comprises
passing air at about 70 to about 85 pounds gauge
and a temperature of about 7C° to about 110°
F. through a path in a zone containing three
paths in heat exchange relation with each other,
flowing oxygen and nitrogen products of recti-
fication respectively through the other two paths
in said zone in heat exchange relation with the
air, the air thus being cooled to a temperature
sufficiently low to deposit cut as frost substan- .
tially all the moisture in the air, then further
cooling the air by flowing it through a path in a
second zone containing three paths, flowing oxy-
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gen and nitrogen products of rectification respec-
tively through the other two paths in said sec-
ond zone in heat exchange relation with the
air thereby cooling the air to a temperature sui-
ficiently low to remove substantially all of the
carbon dioxide in the air, the differential be-
tween the temperature of the air and the
weighted average temperature of the exygen and
nitrogen at the colder end of said seeond zone
being within the range of about 6° to about 8
F., expanding about 7% by volume of the air
leaving the first zone to a pressure of about 5
pounds and a temperature of —215° F., mixing
the cold air thus produced with the nitrogen
product of rectification "passing through the first
zone in heat exchange relation with the air and
oxygen passing therethrough, passing the air
from the second zone to the high-pressure stage
of a rectification system comprising both a high-
pressure stage and a low pressure stage, with-
drawing from the high-pressure stage from about
1% to about 15% by volume of the total nitro-
gen introduced into the process, said niftrogen
containing incondensible gases, heating at least
10% of the nitrogen thus withdrawn, mixing the
heated nitrogen with the remaining 90% of the
nitrogen thus withdrawn thereby yielding a nitro-
gen stream having a temperature sufficiently
high to avoid the formation of liquid nitrogen
during expansion, expanding said nitrogen
stream, passing the expanded nitrogen in heat
exchange relation with oxygen and nitrogen sup-
plied as reflux to the low-pressure stage and with
- the air supplied to the high-pressure stage, and
periodically reversing the flow of air and nitro-
gen through their respective paths in the said two
zones, the air upon reversal flowing through the
paths in the two zones through which had pre-
viously flowed the nitrogen and the nitrogen fow-
ing through the paths in the said two zones
through which had previously flowed the air,
whereby upon each reversal the nitrogen substan-
tially completely removes the carbon dioxide de-
posited in" the second-mentioned zone and the
frost deposited in the first-mentioned zone dur-
ing the preceding step in the process.

3. A process for producing oxygen by the lique-

faction and rectification of air, which comprises,

passing a stream of- air at about 7¢ to about 85
bounds gauge and a temperature of about 79°
to. about 110° F. through a path in at least two
zones, each containing at least three paths in
heat exchange relation with each other, pass-
ing respectively streams of oxygen and nitrogen
products of rectification through two other paths
in said zones in heat exchange relation with the
air passing therethrough, expanding from about
5% to about 10% by volume of the total air in-
troduced into the process and imparting the re-
frigeration thus produced to.at least one of said
streams during its flow between the first zone and
a second zone, regulating the flow of air, nitro-
gen and oxygen into and from said second zone
so that the difference between the temperature of
the air and the weighted average temperature of
the nitrogen and oxygen at the colder end of said
zone falls within the range of about 5° to about
10° F. and the temperature at the colder end of
said second zone is such as to effect substantially
complete removal of carbon dioxide from the air

in its passage through its path in said zone, pass-

ing the air from the second zone to g rectifica-
tion system comprising a high-pressure.stage and
a low-pressure stage, withdrawing a minor por-
tion of the nitrogen from the high-pressure stage,
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expanding the nitrogen thus withdrawn to cool
the same, imparting the c¢ld thus produced to
the rectification products entering the low-pres-
sure stage, and periodically reversing the flow of
air and nitrogen through their respective paths in
said zones, the air upen reversal flowing through
the paths through which had previously flowed
the nitrogen and the nitrogen flowing through
the paths through which had previcusly flowed
the air, whereby upon each reversal the nitrogen
substantially completely removes the carbon di-
oxide deposited in said second zone during the
preceding step of the process. R

4. A process for producing oxygen by the lique-
faction and rectification of air, which comprises,
passing a stream of air at about 70 to about 85
pounds gauge and g temperature of ahout 70° to
about 110° P through a path in at least two zones
in series, each of sald zones containing at least
three paths in heat exchange relation with-each
other, passing respeetively streams of oxygen and
nitrogen products of rectification through two
other paths in said zones in heat exchange rela-
tion with the air passing therethrough, expand-
ing from about 5% to about 10% by volume of
the total air introeduced into the process and
introduecing the expanded air into the stream of
the nitrogen product of rectification entering the
first-mentioned zene, regulating the flow of air,
nitrogen and oxygen into and from said second
zone so that the difference between the tempera-
ture of the air and the weighted gverage tem-
perature of the nitrogen and oxygen at the colder
end of said zone falls within the range of about
5° to about 10° F. and the temperature at the
colder end of said zone is such as to effect sub~
stantially complete removal of carbon dioxide
from. the air in its passage through its path in
sald zone, passing the air from the second zone
to a rectification system comprising a high-pres-
sure stage and a low-pressure stage, withdraw-
ing a minor portion of the nitrogen from the
high=-pressure stage, expanding the nitrogen thus
withdrawn to cool the same, imparting the cold
thus produced to the rectification preducts en-
tering the low-pressure stage, and periodically
reversing the flow of air and unitrogen through:
their respactive paths in said zenes, the air upon
reversal flowing through the paths through which
had previously fiowed the nitrogen and the nitro-
gen flowing through the paths through which had
previously flowed the air, whereby upen each re~
versal the nitrogen substantially completely re-
moves the carbon dicxide deposited in said sec-
ohd Zone during the preceding step of the precess.

5.. A process for producing oxygen by the lique-
faction and rectification: of air, which comprises,
passing g stream of air through a path in at
least two zonss in series, each: of said zones con-
taining at least three paths in heat exchange
relation with each other, passing respectively
streams of oxygen and nitrogen produects of reeti-
fication through two:other paths in said zones in-
heat exchange relation with the air nassing there-
through, expanding a minor portion of the air
and imparting the refrigeration thus produced
to at least one of said streams during its flow
between the first zone and a second zone, regulai- -
ing the flow of air, nitrogen. and oxygen into and
from said second zone so that the difference be-.-
tween the temperature of the air gand the weighted.
average temperature of the nitrogen: and oxygen
at the colder end of said zone falls. within the
range of about 5° to about 10° F. and the tem-
perature at the colder end of said zone is such
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as to effect substantially complete removal of
carbon dioxide from the air in its passage through
its path in said zone, passing the air from the
second zone to a rectification system comprising
a- high-pressure stage and a low-pressure stage,
withdrawing a minor portion of the nitrogen from
the high-pressure stage, expanding the nitrogen
thus withdrawn to cool the same, passing the ex-
panded nitrogen in indirect heat exchange rela-
tionship with the oxygen and nitrogen supplied
as reflux to the low-pressure stage and then into
the said zones as part of the said stream of nitro-
gen rectification product flowing through said
zones, and periodically reversing the flow of air
and nitrogen through their respective paths in
said zones, the air upon reversal flowing through
the paths through which had previously flowed
the nitrogen and the nitrogen flowing through
the paths through which had previously flowed
the air, whereby upon each reversal the nitrogen
substantially completely removes the carbon di-
oxide deposited in said second zone during the
preceding step of the process.

6. A process for producing oxygen by the lique-
faction and rectification of air, which comprises,
passing a stream of air at about 70 to about 85
pounds gauge and g temperature of about 70°
to about 110° P. through a path in at least two
zones, each containing at least three paths in
heat exchange relation with each other, passing
respectively streams of oxygen and nitrogen
products of rectification through two other paths
in said zones in heat exchange relation with the
air passing therethrough, expanding from about
5% to about 10% by volume of the total air intro-
duced into the process and imparting the re-
frigeration thus produced to at least one of said
streams during its flow between the first zone and
a second zone, regulating the flow of air, nitro-
gen and oxygen into and from said second zone
so that the difference between the temperature
of the air and the weighted average temperature
of the nitrogen and oxygen at the colder end of
said zone falls within the range of about 5° to
about 10° F. and the temperature at the colder
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end of said second zone is such as to effect sub-
stantially complete removal of carben dioxide
from the air in its passage through its path in
said zone, passing the air from the second zone
to g rectification system comprising a high-pres-
sure stage and a low-pressure stage, withdrawing
from the high-pressure stage nitrogen contain-
ing incondensible gases, expanding the nitrogen
thus withdrawn to cool the same, mixing the ex-~-
panded nitrogen with nitrogen from the low-
pressure stage, passing the resultant mixture in
indirect heat exchange relation with the oxygen
and nitrogen supplied as reflux to the low-pres-
sure stage and with air fed to the high-pressure
stage and then introducing the said mixed nitro-
gen stream into said zones to form the said stream
of nitrogen rectification product flowing through
said zones, and periodically reversing the flow of
air and nitrogen through their respective paths in
said zones, the air upon reversal flowing through
the paths through which- had previously flowed
the nitrogen and the nitrogen flowing through
the paths through which had previously flowed
the air, whereby upon each reversal the nitrogen
substantially completely removes the carbon di-
oxide deposited in said second zone during the
preceding step of the process.
FRANK J. JENNY.
EDWARD G. SCHEIBEL.
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