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In the operation of plants producing oxygen
and nitrogen by the liguefaction and fractiona-
tion of air, it is often desirable to provide a sup-~
ply of nitrogen at a pressure considerably higher
than that at which it exists as a separated prod-
uct at any point in the fractionating cycle.
Heretofore such supplies have been obtained by
recompressing the final gaseous product nitro-
gen, which normally comes from the warm air
interchanger at substantially atmospheric tem-
perature and pressure.

The recompression of expanded gaseous nrod-
ucts to high pressures is in several respects a
wasteful and undesirable process. It reguires
multistage compressors which, if oil-lubricated,
contaminate the recompressed gas with hydro-
carbons, while if water is used for lubrication it
is usually necessary to redry the compressed gas
by passage through an adsorbent such as silics,
gel. Therefore the total plant required is costly,
occupies considerable valuable space, and has an
unduly high power consumption.

I have discovered that s material and useful
portion of the nitrogen content of the air supplied
to an air fractionating operation may be with-
drawn, in liquid form or as a vapor subject to
liquefaction; that this withdrawn portion may
be cooled, or condensed and cocled, to 3 tempera-
ture at which it may be pumped in liguid form

without risk of gas-locking the pump, and that .

the refrigeration required for such cooling or
condensation and cooling may be produced
through the use of higher-boiling column prod-
ucts by maintaining suitable pressure differences
between the cooling agent and the liquid to be
cooled or the vapor to be condensed and cooled.

By pumping in liguid form to the higher pres-
sure required for storage in pressure tanks or
cylinders or for delivery into pipe lines, and va-
porizing and warming the high-pressure liguid
by heat interchange with the entering air, ma-
terial advantages are gained at the cost of only
the amount of refrigeration represented by the
difference between the heat contents of the gas
in compressed and in expanded form. These ad-
vantages include great economy in plant and floor
space in the substitution of a simple (usually
plunger-type) liquid pump for the elaborate re-
compressing station, and the complete avoidance
of contamination, such pumps needing no liquid
lubrication. Safety is increased because of the
reduction in the size and the temperature level
of the compressing means and the freedom from
contamination by lubricants.
are usually desirable reductions in power con-

In addition, there
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2
sumption, opersting attention, and maintenance.

The Invention may be practiced in the opera-
tion of either a single-stage or a two-stage col-
umn in the manners illustrated in the attached
drawings and the following description thereof,
in which:

Fig. 1 is a flow sheet of g single-column opera-
tion in which the nitrogen is withdrawn as a
vapor from g preliminary partial fractionation
and is condensed and cooled by the gaseous prod-
uet nitrogen from the column, and

Fig. 2 illustrates in a similar manner an opera-~
tien in which liguid nitrogen is withdrawn from
the high-pressure stage of a two-stage column
and is cooled by expanded high bressure nitro-
gen produet from the high-pressure stage.

Referring first to Pig. 1, the essential elements
of apparatus are: the primary interchanger A,
which must have four flow circuits but otherwise
may be any one of the many conventional types;
2 nitrogen separator or preliminary fractionator
B, which may be either a packed or a bubble-tray
column; a condenser C of the shell-and-tube or
shell-and-coil type providging reflux for this frac-
tionator; a single-stage fractionating eolumn D,
which may be of the packed type but preferably
is provided with bubble trays; a nitrogen con-
denser E, arranged around or within the lower
end of the main column D, a nitrogen subcooler
F, which is basically a two-flow ecircuit inter-
changer but is frequently built as a three-flow
interchanger for reasons of better operation or
flexibility; and 2 pump G, adapted to handle
highly volatile liquids.

The cycle illustrated in Fig. 1 functions in the
following manner: Air under a desired relatively
high pressure, for example from 500 to 2500
bounds per square inch gauge, and st least sub-
stantially freed from vapors of water and carbon
dioxide, is introduced at {8 into a coil 1§ in inter-
changer A, in which it is in counterflow heat
transfer with product nitrogen and oxygen and
with the pumped nitrogen stream. Leaving the
interchanger through conduit {2, the stream of
partially refrigerated air is expanded in passing
through expansion valve {8 to an intermediate
pressure which for example usually varies from
75 pounds to 200 pounds per square inch gauge.
This expansion liquefies part of the air, a portion
of which enters separator B as & mixture of
liguid and saturated vapor.

The oxygen-enriched air collecting in liquid
pool i4 in the base of the separator passes through
conduit #5 and an expansion valve {8, by which
its pressure is still further reduced, for example
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to 10 pounds per square inch gauge or less, into
a coil 17 in condenser C. The jacket of this con-
denser is supplied with nitrogen vapor through
conduit 18, the condensate returning at 19 to
supply refiux liquid to the coluimmn. The oxygen-
enriched air stream then flows through conduits
28 and 2! and stop valve 22 into column D at
a medial height, as at 23.

In this and the following description, it will
be understood that valves mentioned by number
are open unless otherwise stated.

The portion of the nitrogen vapor that is not
liquefied in condenser C passes through conduit
24 to nitrogen condenser E, in which it is lique-
fied by heat interchange with pure oxygen boil~
ing in a pool 25 in the base of cclumn D. The
resultant liquid fiows through conduit 28, stop
valve 217, and conduit 28 to a coil 29 in inter-
changer F, in which it is subcooled in a manner
later described. The subcooled liquid stream
passes through conduit 38 and valve 31 to the
suction side of pump -G, at which point it is still
at substantially the intermediate pressure. Being
raised by the liquid pump to a -desired higher
pressure, the stream flows through conduit 32
to coil 32 of interchanger A, in which the liquid
is vaporized and the vapor brought to atmos-~
pheric-temperature by heat interchange with the
entering air feed. "The gaseous stream is finally
discharged at 34, at the elevated pressure pro-
duced by the liguid pump, into cylinders, & stor-
age tank, or a pipe line, not shown.

The low-pressure gaseous nitrogen separated
in column D flows through conduits 45 and 4§
and valve 47 to a jacket 48 swrrounding the cold
end of pump G, in which it functions to absorb
heat entering the cold portion of the pump
through the insulation or generated within the
pump as friction, and thence through conduit 48
to the shell 50 of interchanger A, in which it is
brought to atmospheric temperature and is
vented from the cycle at 51.

The pure oxygen separated in the column flows

through conduits 52, 3, and 54 and valve 55 to
a coil 56 in inferchanger A, from which it is
vented at 57 at substantially atmospheric tem-
perature and pressure.
""When the apparatus represented by Fig. 1 is
used to produce oxygen, and no compressed nitro-
gen is desired, the nitrogen stream liquefied in
condenser & passes through nitrogen subcooler
F, through conduits 38 and 42 and expansion
valve 43 to the top of the column D as at 48,
where it functions as a useful reflux liquid.

As mentioned above, the liquefied stream of
nitrogen is subcooled in the interchanger F as it
flows through the coil 25 on its way to the suction
side of the pump. This subcooling is accom~
plished by passing a stream of gaseous product
nitrogen to the shell of the interchanger F in
heat exchange relation with the coil 28, For this
purpose a portion of the gaseous nitrogen prod-
uct stream vented from the column D by the
conduit 45 is conducted past a valve 58 and
through conduits 59, 60 and 84 into the shell 82
of the interchanger F. After passing in heat
exchange relation with the coil 28, the stream of
gaseous product nitrogen leaves the shell 82 by
way of 2 conduit 74 from whence it is condticted
through conduit §3 to the conduit 49 where it
merges with the stream of gaseous product nitro-
gen leaving the pump jacket 48 on its way to the
main interchanger A. The valves 47 and 58 are
adjusted to provide the necessary flow of :;gaseous
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product nitrogen through the interchanger 7 to
provide the desired degree of subcooling.

Referring now to Fig. 2, the essential elements
of apparatus are: the primary interchanger H;
an expansion engine I, which may be of the recip-
rocating or the turbine type; a two-stage frac-
tionating column J, which may be of any.conven-
tional or preferred form; a two-pass heat inter-
changer K used as a liquid-nitrogen subcoolet,
and a liquid pump L, which may be a rotary pump
or a two-stage centrifugal but is preferably a
simple plunger pump.

The cycle illustrated in Fig. 2 functions in the
following manner. Air previously raised fto a
desired pressure, for example from 250 pounds
to 1000 pounds per square inch gauge, and suit-
ably purified, is introduced at 108 into coil 164
of primary interchanger I, in which it is refrig-
erated by heat interchange with cold column
products. A portion of the air stream is with-
drawn at a medial point in the length .of ihe
coil :and passes through conduit 192 and a regu-
lating and shut-off valve {88 to an expansion
engine I, by which its pressure is reduced to that
carried in the high-pressure stage of the column,
for -example, 5 to 6 atmospheres absolute. The
axhaust from the engine passes through conduit
{08 and a stop valve (85 to the lower end -of
column d.

The remainder of the air supply traverses the
full length of coil 131 and is likewise introduced
jnto the lower end of the column through -con-
duits 196 and 157 and expansion valve i88. The
air supplies passing through the expansion engine
and the expansion. valve may be proportioned ‘as
Gesired, and it is possible, by suitably controlling
the initial air pressure, to dispense with the use
of the expansion engine.

The crude oxygen separating in the high-
pressure-column stage passes in the usual man-
ner through conduit 188, expansion valve {10,
and conduit (i2 into the low-pressure-column
section, which is maintained -at a lower pressure,
as for example from 2 to 10 pounds per square

- inch gauge.

Thne liquid nitrogen collecting in a pool {13 in
the upper end -of the high-pressure section fows
through conduits ({4 and ({3, expansion valve
116, and conduit {{7 into the upper end of the
low-pressure section. '

Low-pressure gaseous nitregen separating in
the upper section of the column flows through
conduit {18 and conduit 128 to a jacket $21 sur-
rounding the cold end -of liquid pump L, from

s which it passes through conduit 22 to the shell

123 of primary interchanger H, from which it i3
vented at 124, ‘ ‘

Pure oxygen separating in -the low-pressure
stage flows through conduits 425, 126 ‘and 428
to coil 129 of the primary interchanger, from
which it is vented at 186. ’

A desired portion of the liguid nitrogen coi-
lecting in pool 143 may be directed to the intake
side of pump L through valve {3{ and conduit
132, the stream passing through a coil 133 in
cooler ¥ In which it is brought to a desired low-
ered temperature in a manner described below.
The subcooled liguid reaches the suction side of
the pump through conduit 34 at substantially
the pressure maintained ‘in the ‘high-pressure-
column section, isTraised by:the pump to a desired
higher pressure, and is discharged through con-
duit* 135 to acoil 136 in the primary interchanger.
In this coil the liquid is vaporized and brought
substantially to atmespheric-temperature by heat
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interchange with the entering air feed and is
discharged at 137, in gaseous form and under the
pressure created by the pump, into storage or
transportation vessels or into a pipe line, not
shown.

The subcooling of the liquid nitrogen stream
in the coil 133 of the cooler K may be produced
by passing an expanded stream of high pressure
liquid nitrogen in heat exchange relation with
the coil 133. For this purpose a portion of the
liquid nitrogen stream withdrawn from the pool
{13 is diverted from the conduit 115 through a
valve 184, and the diverted stream is conducted
through a conduit 155, expansion valve 158 and
conduit 148, to the shell 141 of the cooler K.
After passing in heat exchange relation with the
‘coil 133 the expanded diverted stream of liquid
nitrogen flows from the shell {41 through a con-
duit 142 which connects with the conduit 122

to merge the diverted stream with the stream of .

gaseous product nitrogen on its way to the main
interchanger H.

The liquids separating in a gas-fractionating
column are normally in equilibrium with the va-
pors above them. In pumping such liquids out
of the column, fluid friction in the intake line
‘and the weight of the intake valve of a recipro-
cating pump cause a drop in pressure between
the point of supply and the barrel of the pump,

resulting in the evolution of vapor in reaching a »

new equilibrium at the lowered pressure. In the
handling of these extremely volatile liquids, even
a very slight drop in pressure causes sufficient
vapor evolution to make it difficult or impossible

to maintain the pump in smooth and continucus :

operation.

This difficulty is avoided in the operations
herein described by cooling the liquid, in transit
to the pumping step, to such degree that the un-

avoidable reduction in pressure ig insufiicient to 4

bring the liguid to a new equilibrium at the re-
duced temperature. Assuming sufficient temper-
ature reduction, this step is a positive cure for
gas-locking and ensures continuous pump opera-
tion without short-stroking.

The extent to which the pumped liquid must
be subcooled will, of course, depend on the pres-
sure drop between the source of supply and the
pump barrel in the particular installation, and

on the amount of heat conducted to the liquid

line through the insulation material surrounding
it. Ordinarily a temperature reduction equiva-
lent to that required to reduce the vapor pres-
sure of the liquid by about one atmosphere will
be sufficient, but this fizure may be departed from
rather widely with differences in actual pressure
drop and in heat leakage into the intake line,
As nitrogen is the lowest-boiling component
present in any appreciable quantity in air, and
as no lower-boiling refrigerant is ordinarily
available at the same absolute pressure, the cool-
ing fluid must be expanded to a pressure below
that under which the liquid passes to the pump.
- The necessary pressure difference may be pro-
duced by applying artificially created pressure to
the liquid flowing through the cooling coil, or by
evacuating the chamber in which the coolant is
flashed, but in the instant disclosure it is pro-
duced in the simplest possible manner by with-
drawing the liquid to be pumped from the point
in the fractionating cycle at which it already
exists at a pressure materially above atmos-
pherie, and by expanding the coolant to sub-
stantially atmospheric pressure, that is, to the
lowest pressure at which it will flow at the re-
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quired velocity through the interchangers in
which its remaining refrigerative value is re-
covered. -

The pressures existing in practice in the inter-
mediate stage of the cycle of Fig. 1 or the high-
bressure stage of the cycle of Fig. 2 are ampie
to permit the cooling of even pure liquid nitrogen
to a temperature of stability in the pump section
by interchange with even what is normally the
highest boiling product of the fractionation.

The method herein described is useful and
valuable for the subcooling and pumping of all

liquefied gases and gaseous mixtures rich in ni-

trogen and having vapor pressures approching
those of nitrogen. Such gases, referred to in
some of the claims at nitrogenous gases, include
nitrogen in a state of more or less purity, atmos-
pheric air, and oxygen-enriched air containing
not less than about fifty per cent nitrogen by
weight.

I claim as my invention:

1. The method of transferring liquefied product
of a fractionating operation, in which operation
a mixture of compressed and cooled component
gases having boiling points substantially below
atmospheric temperature is expanded and the
efffuent of the expansion step subjected to the
fracticnating operation to produce a liquefied
higher boiling point fraction and a gaseous lower
boiling point fraction at relatively low pressure,
comprising forming as a step in the fractionating
operation liquefied lower boiling point fraction at
& pressure substantially equal to the vapor pres-
sure of the liquefied lower boiling point fraction,
withdrawing a stream of the liquefied lower boil-
ing point fraction from the fractionating opera-
tion, subcooling the stream of liquefied lower
boiling point fraction by heat exchange with a
relatively colder fluid from the fractionating
operation at a pressure lower than the pressure
of the liquefied lower hoiling point fraction, the
last named pressure being such that the tempera-
ture of the liquefied lower boiling point fraction
is reduced to a point below the boiling point of
the liquefied lower boiling point fraction at the
minimum momentary pressure reached in an
ensuing pumping step, and pumping the sub-
cooled liquefied lower boiling point fraction in
liquid phase to a relatively high pressure.

2. The method of transferring liquefied product
of a fractionating operation, in which operation
a mixture of compressed and cooled component
gases having boiling points substantially below
atmospheric temperature is expanded and the
effluent of the expansion step subjected to the
fractionating operation to produce a liquefied
higher boiling point fraction and a gassous lower
boiling point fraction at relatively low pressure,
comprising forming as a step in the fractionating
operation liquefied lower boiling point fraction at
a pressure substantially equal to the vapor pres-
sure of the liquefied lower hoiling point fraction,
withdrawing a stream of the liquefied lower boil-
ing point fraction from the fractionating opera-
tion, subcooling the stream of liquefied lower
boiling point fraction by heat exchange with the
gaseous lower boiling point fraction produect from
the fractionating operation to reduce the tem..
perature of the liquefied lower boiling point frac-
tion to a point below the boiling point of the
liquefied lower boiling point fraction at the
minimum momentary pressure reached in an
ensuing pumping step, and pumping the sub-
cooled liguefied lower boiling point fraction in
liquid phase to a relatively high pressure,
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3. The method of transferring liguefied product
of a fractionating eperation, in which -operation
a mixture of compressed and cooled componrent
gases having boiling points substantially below
atmeospheric temperature is expanded and the
effluent -of the expansion step subjected to the
fractionating operation te produce a Hauefied
higher boiling point fraction and a gaseous lower
boiling point fraction at relatively low pressure,
comprising forming as-a step in the fractionating
-operation liguefied lower boiling peint fraction
at a pressure substantially equal to the vapor
pressure of the liquefied lower boiling point
fraction, withdrawing a stream of the liguefied
Jlower boiling point fraction from the fractionat-
ing operation, subcooling the stream of liquefied
lower boiling point fraction by heat exchange
with expanded liguefied lower boiling .point frac-
tion from the fractionating .operation to reduce
the temperature of the liquefied lower bhoiling
point fraction to a point helow the hoiling peint
of the liquefied lower boiling point fraction at the
minimum imomentary pressure reached in an
ensuing pumping -step, and pumping the sub-
cooled liquefied lower boiling noint fraction in
liquid phase to a relatively high pressure.

4. The method of transferring liquefied nitro-
gen product of a fractionating operation, in
which operation compressed and cooled air is ex-
panded and the effuent of the expansion step
suibjected to the fractionating operation o pro-
duce liguefied oxygen higher boiling point frac-
tion and the gaseous nitrogen lower poiling point
fraction, comprising forming as a step in the
fractionating .operation liquefied nitrogen lower
bailing point fraction at a pressure substantially
equal to the vapor pressure of the liguefied
nitrogen lower boiling peint fraction, withdraw-
ing a stream of the liquefled nitrogen lower boil~
ing point fraction from the fractionating opera-
tion, subcooling the stream of liquefied nitrogen
lower boiling point fraction by heat exchange
with a stream of gaseous nitrogen at a pressure
lower than the pressure of the liquefied nitrogen
lower boiling point fraction, the last-named pres-
sure being such that the temperature of the
liguefied nitrogen lower poiling point fraction is
reduced to a point bélow the boiling point of the
liquefied nitrogen lower boiling point fraction at
the minimum momentary pressure reached in an
ensuing pumping step, and pumping the sub-
cooled liquefied nitrogen lower boiling point frac-
tion in liguid phase to a relatively high pressure.

%. The method of transferring liquefied nitro-
gen product of & fractionating operation, in which
operation compressed and cooled air is expanded
and the efffuent of the expansion step subjected to
the fractionating operation to produce liquefied
oxygen higher boiling point fraction and gaseous
nitrogen lower boiling point fraction, comprising
forming as a step in the fractionating operation
liquefied nitrogen lower boiling point fraction at
g pressure substantially equal to the vapor pres-

8
sure -of the liquefied nitrogen lower beiling point
fraction, withdrawing a stream of the liguefied
nitrogen lower beiling point fraction from the
fractionating operation, subcooling the with-
drawn stream of liquefied nitrogen lower boiling

~ point fraction by heat exchange with an -ex-
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panded stream -of liguefied nitrogen lower hoiling
point fraction at a pressure lower than the pres-
sure of the withdrawn stream of liguefied nitro-
gen lower bolling point fraction, the last-named
pressure being such that the temperature of the
liguefied mitrogen lower boiling fraction is re-
dueed to a point below the boiling point of the
liguefied nitrogen lower boiling point fraction at
the munimwm momentary pressure reached in.an
enswing pumping step, and pumping the .sub-
cooled Hauefied nitrogen lower boiling point frac-
tion in liguid phase to a relatively high pressure.

§. The method of transferring liguefied nitro-
:gen product-of a fractionating operation, in which
-operation compressed and cooled air is-expanded
and the efluent of the expansion step subjected
to the fractionating eperatien to produce ligue-
fied -oxygen higher boiling point fraction and.gas-
eous nitrogen lower boiling point fraction, com-
prising ferming as g step in the fractionating op-
eration liguefied nitrogen lower boiling point frac-
tion ata pressure substantially equal to the vapor
pressure of the Hguefied nitrogen lower Jboiling
point fractien, withdrawing a stream of the lique-
fied nitrozen lower boiling point fraction from
the fractionating operation, expanding 4 stream
of cold fiuid from the fractionating .operation to
-5 pressure lower than the pressure of the ligue-
fiad mitrogen lower boiling peint fractien, .sub-~
cooling the stream of liquefied nitrogen lower
boiling point fraction by heat exchange with the

zpanded stream of cold liguid from the frac~
tionating operation, the pressure of the expanded
stream being such that the temperature -of the
Nauefied nitrogen lower bhoiling fraction is re-
duced to -a point below the boiling point of the
liguefied nitrogen lower boiling point fraction ab
the minimum momentary pressure reached in an
ensuing pumping step, and pumping the sub-
-cooled licuefied nitrogen lower beiling point frac-
tion in liguid phase to a relatively high pressure.

FRANX E. PAVLIS.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Hame Date
1,976,388 Eichelman . ____ Oct. 9, 1934
2,292,375 Hansen .o Aug. 11, 1942
2,464,891 RiCE oo Mar. 22, 1949
2,480,093 Anderson oo Aug. 23, 1949
2,480,094 Anderson o ——__ Aug. 23, 1949

FOREIGN PATENTS
Fumber ‘Country Date
495,785 Germany - ———eeee Apr. 12, 1930
500,544 CGreat Britain .__.___ Feb. 7, 1939



